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ABSTRACT

DeKorver, Brittland K. Ph.D., Purdue University, May 2016. Undergraduate Students’
Goals for Chemistry Laboratory Coursework. Major Professor: Marcy H. Towns.

Chemistry laboratory coursework has the potential to offer many benefits to
students, yet few of these learning goals are realized in practice. Therefore, this study
seeks to characterize undergraduate students’ learning goals for their chemistry
laboratory coursework. Data were collected by recording video of students completing
laboratory experiments and conducting interviews with the students about their
experiences that were analyzed utilizing the frameworks of Human Constructivism and
Self-Regulated Learning. A cross-sectional sampling of students allowed comparisons to
be made among students with varying levels of chemistry experience and interest in
chemistry. The student goals identified by this study were compared to previously
described laboratory learning goals of the faculty who instruct these courses in an effort
to identify potential avenues to improve laboratory learning.
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CHAPTER 1 – BACKGROUND

Introduction: Instructors’ Goals for Laboratory Coursework
A basic understanding of chemistry is necessary for both scientists and nonscientists alike. As the “central science,” chemistry bridges the physical and life sciences.
In our everyday lives, the principles of chemistry govern new technologies and offer
solutions to societal problems. Yet the atoms, molecules, and other models upon which
the study of chemistry relies are abstract, and unable to be directly observed.
Furthermore, chemists use symbols and mathematical representations to communicate
about these unobservable phenomena, adding another layer of abstraction, which makes it
difficult for learners to understand the underlying concepts of chemistry.
One abiding method for teaching chemical principles is to put the learner in a
laboratory. The chemist Ira Remsen famously recounted his exploration of the effects of
nitric acid that resulted in an acid burn on his hand and pants:
The pain led to another unpremeditated experiment. I drew my fingers across my
trousers and another fact was discovered. Nitric acid acts upon trousers. … It was
a revelation to me. It resulted in a desire on my part to learn more about that
remarkable kind of action. Plainly the only way to learn about it was to see its
results, to experiment, to work in a laboratory (Noyes & Norris, 1931).
This sentiment has been echoed by chemistry educators for decades, with claims such as:
“The predominant ideology among science educators is that hands-on experience is at the
heart of science learning” (Nersessian, 1989); “Laboratory work has long been accepted
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as an integral part of learning science” (Deschsri, Jones, & Heikkinen, 1997); and
“Laboratory work is considered essential in promoting students’ learning of science and
scientific inquiry” (Höström, Ottander, & Benckert, 2010).
These statements are not merely pretense; the adherence to laboratory coursework
as a component of chemistry curricula despite its substantial cost (Hofstein & Lunetta,
2004; Kirschner & Meester, 1988; Reid & Shah, 2007) is a testament to educators’ fervor
for laboratory work. Academic institutions and educators view laboratory coursework as
“necessary and important” (Reid & Shah, 2007) and are willing to devote resources to it
because of the unique opportunity it offers to engage students across three learning
domains: cognitive, affective, and psychomotor. Accessing these three domains
simultaneously offers the greatest potential for meaningful learning (Bretz, 2001).
researchers have named learning social and technical skills, concepts and facts about
science, scientific process skills, and deepening students’ understanding about the nature
of science as positive outcomes of science laboratory work (Hodson, 1993; Hofstein &
Lunetta, 2004; White, 1996.)
Studies have been conducted to explore the specific learning outcomes that
chemistry instructors intend to address via laboratory coursework. Bretz, Fay, Bruck, and
Towns (2013) interviewed forty chemistry faculty about their perspectives on laboratory
learning goals. Although there was overlap in the learning goals that the faculty
considered important across the entire curriculum, faculty expressed some differences in
their intended outcomes for their respective laboratory courses (see Figure 1). The
differences were compared across several factors: the course content (general chemistry,
organic chemistry, or upper level), the type of institution (community college, liberal arts,
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comprehensive, or research), and whether the faculty’s department had received a
National Science Foundation (NSF) grant to improve laboratory instruction.

Figure 1. Laboratory goals across the undergraduate chemistry curriculum. Reprinted
from “Faculty Perspectives of Undergraduate Chemistry Laboratory: Goals and Obstacles
to Success,” by L. Brucks and M. Towns, 2010, Journal of Chemical Education, 87, p.
1422. Copyright 2010 by American Chemical Society.

The results from this qualitative study of faculty goals were used to construct a
survey that could be validated and administered on a larger scale (Bruck & Towns, 2013).
The survey responses (n=312) were analyzed to determine whether faculty members’
goals varied with the type of institution, course, or funding for the improvement of
laboratories and laboratory instruction. The survey revealed that faculty in general
chemistry courses viewed writing lab reports and gaining research experience as lower
priorities than did the faculty from other courses (Bruck & Towns, 2013). Faculty
teaching organic chemistry courses, on the other hand, placed less emphasis on working
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in groups and learning communication skills, analyzing sources of error, and collecting
and analyzing data (Bruck & Towns, 2013). The survey found that there were no
significant differences in the laboratory goals according to institution type (Bruck &
Towns, 2013), which was consistent with the faculty interviews (Bruck, Towns, & Bretz,
2010).
Despite the variance in which goals faculty feel are most important, it is clear that
they value laboratory coursework. Yet in their two reviews of laboratory coursework,
Hofstein and Lunetta (1982, 2004) included this caution:
Researchers must examine the goals of science teaching and learning with care….
There is a real need to pursue vigorously research on learning through laboratory
activities to capitalize on the uniqueness of this mode of instruction for certain
learning outcomes.
Their reviews suggested that the learning goals of laboratory coursework are too often
unrealized in practice (Hofstein & Lunetta, 2004). Aside from reforming laboratory
curricula by designing new teaching methods, Hofstein and Lunetta suggested
consideration of the goals for laboratory work as an avenue to address the discrepancy
between intended and observed effects of laboratory coursework. Hofstein and Lunetta
(2004) argued that “Goals for students’ learning outcomes must drive what is done by
curriculum developers and by teachers in the classroom and the laboratory”. They
described goals as “the principal basis” for determining the appropriateness of and
assessing learning activities. Unfortunately, most research about laboratory coursework
has focused on the instructors’ goals and the students’ perceptions of their instructors’
goals; little is known about what the students hope to achieve by carrying out laboratory
coursework (Nakhleh, Polles, Malina, 2004). Hofstein and Lunetta (2004) cite a
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misalignment between the goals of instructors and students as one possible reason for the
failure of laboratory work to realize its potential benefits. Some work has been done to
survey students in an effort to categorize their goals for laboratory learning (Owings,
2014; Wilkinson & Ward, 1997). However, the wide variety in potential learning goals of
laboratory coursework and the complex, interrelated factors present in learning
environments

indicates

that

an

open-ended

investigation

that

permits

deep

contextualization for the students’ responses is necessary.

Aims of this Study
The purpose of this study was to investigate undergraduate students’ goals for
their chemistry laboratory coursework. A cross-sectional sample of students was drawn
from Purdue University, recruiting participants from several chemistry courses: a general
chemistry course for non-chemistry STEM majors, general chemistry for chemistry
majors, and analytical and advanced analytical chemistry courses. Because these courses
followed a traditional, confirmatory format for laboratory experiments, a group of
participants was also drawn from a general chemistry course at the University of
Northern Iowa that used a curriculum based on the Science Writing Heuristic (SWH).
Analysis was guided by the theoretical frameworks of Human Constructivism (Edmonson
& Novak, 1993) and self-regulated learning (Pintrich, 2000), which allowed
interpretation of students’ goals according to learning domains and the prioritization of
their goals. Comparisons among the student groups were made across two variables: class
standing and curriculum. Because differences in faculty and student views on learning
may contribute to the learning that takes place in laboratory courses, student goals were
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also compared to previous research on the goals of faculty members (Bretz, Fay, Bruck,
Towns, 2013; Bruck & Towns, 2013; Bruck, Towns, & Bretz, 2010, Duis, et al., 2013).

Research Questions
This study was framed by the following research questions:
•

What are undergraduate students’ goals for their chemistry laboratory
coursework?
o How do the goals of students majoring in chemistry compare with
students in other STEM majors?
o How do the goals of first-year students majoring in chemistry differ
from chemistry majors in upper-level courses?
o How do the goals of students participating in an alternative lab
curriculum that employs the Science Writing Heuristic compare to
students in a traditional laboratory curriculum?

•

How well do students’ goals align with the goals set by faculty and instructors?

•

Which group of students has the greatest degree of alignment between student
goals and faculty goals, and what factors contribute to this alignment?
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CHAPTER 2 – METHODS

Human Subjects Approval
The Purdue University and University of Northern Iowa ethics committees
granted permission to conduct this research (Appendix A). Informed consent was
obtained from each participant during recruitment and again at the time of data collection
(Appendix B). All participants provided or were assigned pseudonyms.

Participants and Setting
For this study, a cross-sectional sample of undergraduate students enrolled in
chemistry laboratory courses was selected from two Midwestern universities (Figure 2).
Most of the participants attended Purdue University, a Highest Research Activity
Doctoral University with a high undergraduate population according to the Carnegie
Classification of Institutions of Higher Education. The laboratory courses were taught in
the traditional style, where a laboratory guide provided the students with the experimental
questions, procedure to be followed, and analysis to be performed for each experiment.
(See Appendix C for a description of the laboratory experiments that were observed.)
These courses included: the first semester of a two-semester general chemistry sequence
for chemistry majors, the first semester of a two-semester general chemistry sequence for
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non-chemistry majors, an analytical chemistry course, and an instrumental analysis
course. The first two courses were primarily populated with first-year students, while the
latter two were mostly junior and senior level students. The laboratory courses were
taught by graduate teaching assistants and were taken concurrently with a lecture course.
A smaller group of students attended a university classified within the category of
Larger Program Master’s Colleges and Universities with a high undergraduate
enrollment, where the general chemistry laboratory employed the Science Writing
Heuristic (SWH). In contrast to the students who experienced the traditional laboratory
curriculum, the SWH students selected the research questions, determined what data was
necessary to formulate answers, generated their own procedures, and constructed
arguments based on their data. This group of students was selected to address the final
research question and identify whether adopting a reformed teaching pedagogy might
influence students’ goals for laboratory coursework.
Of these courses, the traditional general chemistry course for non-majors has the
largest enrollment. Because it offered a larger pool of potential participants compared to
the other courses, it was selected for the initial round of data collection in Fall 2015.
Recruitment and data collection for the other courses, which had much lower enrollment,
occurred in Fall 2016. This ensured that most of the refinements to the technological setup, recruitment, and interview techniques could be made during the first year when there
was a greater number of potential participants.
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Denotes data gathered in the Fall 2014 semester
*Denotes data gathered in the Fall 2013 semester
Figure 2. Course Demographics of Study Participants

Data Collection
Lack of previous research focusing on students’ goals for laboratory coursework,
especially in upper-level courses, and the complex relationships among students’ goals,
behavior, and knowledge necessitates a qualitative study (Eisenhart, 2006; Wilson, 1977).
Video observations and one-on-one interviews were used to generate sufficiently rich and
contextual data (Boujaoude, 1991) in order to describe the students’ goals, offer an
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explanation for how and why the differences in populations and environments might have
influenced students’ goals, and generate recommendations for future work (Freeman,
deMarrais, Preissle, Roulston, & St. Pierre, 2007).
Data were collected using a video stimulated recall (VSR) technique. Use of
stimulated recall to investigate students’ understanding was first reported by Bloom
(1953), who played audio recordings of class sessions to prompt students’ responses
about their thought process. Kagan (1963) modified the technique to use video. Since
then, stimulated recall techniques have been used by many researchers in education who
seek understanding of participants’ decision-making and goal-directed behavior
(Calderhead, 1981), especially when the research focuses on non-deliberative decisionmaking situated in a particular context (Lyle, 2003). In contrast with a think-aloud
protocol, which requires the researcher to probe the participant as he engages with the
activity of interest, SR increases the authenticity of the task by allowing the participant to
carry out the task uninterrupted in a naturalistic setting (Calderhead, 1981). A think-aloud
protocol would be especially disruptive in a laboratory course, where a student is
expected to continuously engage in dialogue with their peers. The disadvantage to SR is
the delay between the event and the interview, which creates the possibility that the
participants may describe their present reflections on the event rather than recalling their
thoughts and motivations as they originally occurred (Lyle, 2003). This concern was
mediated by having the interviews take place as soon as possible, between 8 and 24 hours
after the class session ended.
In this study, student participants were recorded over the course of one laboratory
session via one or two video cameras and one additional audio recorder. A Sony
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Handycam HD video recorder was equipped with a Sony Bluetooth lapel microphone and
mounted to a tripod at the side of the lab bench or on the countertop, directed along the
length of the bench (Figure 3). The lapel microphone was worn by one of the
interviewees. An Olympus digital voice recorder was placed on the bench in front of the
other interviewee. Students were also offered use of a Looxcie video camera mounted to
a headband to provide a secondary source of video and audio (Figure 4), although this
video was omitted from data collection if the students were hesitant about wearing the
device.
Due to the layout of the laboratory facilities, groups of students working together
were recruited to minimize the risk of unintentionally capturing non-consenting students
on the video footage. To recruit the majority of the participants, the researcher visited
each laboratory classroom on the first day of class to describe the study and provide
consent forms. However, this was not possible for two subsets of students; participants in
the general chemistry course for chemistry majors and those in the SWH course were
recruited on the day they were to be filmed. Any students belonging to a group in which
all members did not consent to the study were eliminated from the participant pool.
The researcher departed from the lab after setting up the recording equipment and
scheduling the interviews, prior to the start of the lab session. The researcher returned to
the lab classroom once, mid-way through each class period to ensure that the recording
devices were continuing to capture data. In most instances, the researcher was able to
carry out this check unobserved by the participants. At the conclusion of the lab session,
the recording equipment was collected.
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Figure 3. View from the Sony Handycam positioned on the countertop.

Figure 4. View from Looxcie camera mounted on headband and worn by participant.
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Immediately after the class ended, the video and audio were synched and viewed
using QuickTime Player. While viewing, the researcher took notes on the students’
actions and dialogue, selecting clips to be included in the subsequent interview.
Purposeful sampling (Huberman & Miles, 1994) was employed to select clips that
facilitated interview questions to yield data that might address the research questions,
such as occasions where the students were required to make decisions, displayed
evidence of uncertainty over the procedure, debates among partners, questions asked to
the teaching assistant, or mistakes made in carrying out the experiment. These events
were isolated as clips of video and audio 10-60 seconds in length using the video editing
program iMovie. For each interview, 10-15 clips, or about 7 minutes of video were
compiled for viewing. The following day, the interviewer and interviewee met at a time
and location deemed acceptable by the interviewee. Using a laptop computer, the
interviewer and interviewee viewed the clips together. After each clip, the interviewer
asked the participant to describe what they were doing, explain why they chose to do that,
and describe what they were feeling during that event. In addition, the participants were
asked what they had hoped to accomplish in lab prior to and after watching the clips. The
participant’s major and class standing was also solicited during the interview. The
interviews and videos provided a rich data source, necessary to observe the “many
complex and interacting variables” inherent to the laboratory classroom setting
(Edmonson & Novak, 1993).
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Data Analysis
The interview audio was transcribed verbatim by the interviewer. Transcripts
were uploaded to NVivo 10 where they were coded. For the first 31 participants, coding
occurred as soon as transcription was complete, within one to two weeks of completion
of the interview, with the remaining interviews coded as interviews were completed with
each participant group. This ongoing analysis allowed the researcher to adapt the
selection of video clips and interview prompts to deeper explore themes and relationships
in subsequent interviews (Strauss & Corbin, 1990, p. 91). It also permitted constant
comparison of emerging themes and categories within the data. Throughout the video clip
selection, interviews, transcription, and coding, the researcher created memo documents
to note initial impressions, provide further details about participants and their actions, and
summarize observations and interviews.
For this study, the learning goal construct was defined and identified according to
the self-regulated learning (SRL) framework, which describes goals as a desired state or
outcome toward which a student strives (Pintrich, 2004). A goal can be a general
outcome that a student is trying to accomplish, or specific, focused outcomes that a
student holds simultaneously in order to accomplish broader outcomes. These goals can
apply to the cognitive, affective, or behavioral domains, as well as any combination of
the three. For example, a student could simultaneously set a cognitive goal of learning a
particular concept, and hold an affective goal of wanting to take pride in his efforts, and a
behavior goal of using new laboratory instruments. The fact that students may hold
multiple goals within a particular domain, as well as across the three domains, can lead to
a wide array of goals, many of which could be incongruous (Boekaerts & Niemivirta,
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2005). This study was guided by the supposition of Human Constructivism that
meaningful learning occurs at the confluence of the three learning domains (Figure 5)
(Bretz, 2001). Thus, the initial goal of analysis was to investigate whether the students
were successfully integrating the three domains, as well as determine if students place
greater importance on any individual domain.

Figure 5. Human Constructivism posits that meaningful learning occurs at the overlap of
the cognitive, affective, and psychomotor learning domains. Adapted from Bretz, Fay,
Bruck, & Towns (2013).

In order to gain insight into the relationship between students’ goals and faculty
members’ goals, the transcripts were also coded according to the laboratory goals
delineated by Rice University faculty, instructional staff, and educational researchers
(Duis, Schafer, Nussbaum, & Stewart, 2013), who divided the goals into five general
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categories: basic laboratory skills, communication and record keeping, maturity and
responsibility, context, and integration and application of knowledge/experience. Within
each category were several learning objectives, e.g. ability to convert raw data to a
physically meaningful form, the use of scientific instruments, and to follow directions.
These goals, having been developed in a joint effort between science faculty and
discipline-based education researchers (Duis et al., 2013), were more specific than the
responses provided by faculty in prior studies (Bretz, Fay, Bruck & Towns, 2013; Bruck,
Towns, & Bretz, 2010). Thus, this list provided a more comprehensive set of goals that
allowed greater discrimination in coding students’ responses. Yet as students described
goals beyond those described by Duis and coworkers, it became clear that additional
codes were necessary. This was not surprising, since students were not consulted during
the drafting of those learning goals (Duis et al., 2013). For example, many of the students
interviewed described their desire to complete the lab in a timely manner, but this was not
an item in the learning objectives published by Rice University. As new data was
acquired with additional participant groups, the coding was revised to include additional
codes (Table 1) (Huberman & Miles, 1994). Multiple rounds of inter-rater reliability were
also conducted as part of the analyses. These reliability measures and subsequent
discussion among the raters informed refinement of the code descriptions (see Appendix
D for full list and descriptions of codes).
Additional details about the methods, including participant demographics,
settings, data collection, and data analysis for each participant group are described in
their respective chapters.
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Table 1. List of Codes for Laboratory Goals
Category
Basic Laboratory
Skills
Communication and
Record Keeping
Context

Integration and
Application of
Knowledge

Maturity and
Responsibility

Code
Ability to convert raw data to physically meaningful form
Following directions
Statement of the purpose of the laboratory
Use of instruments
Ability to maintain an up to date lab notebook
Relationship with lab partner
Ability to relate lab work to the bigger picture
Ability to understand your data and to report data effectively
Ability to apply critical thinking in the laboratory
Ability to integrate and apply information and experience
from math and science courses to current and future work
Ability to recognize whether results and conclusions make
sense
Ability to apply critical thinking in the laboratory
Ability to evaluate one’s own understanding
Ability to learn from mistakes
Desire to get the right results
Attainment of particular grade outcomes and course
requirements
Attainment of fun
Desire to take ownership for work
Time spent in lab

Validity and Reliability
To contribute to the validity and reliability of this study’s findings, the researcher
employed three different methods of triangulation (Golafshani, 2003). First, data
triangulation was achieved by comparing the interview data with the video data.
Secondly, investigator and environmental triangulation was achieved by comparing
methods, data, and analysis with collaborators simultaneously carrying out a related study
at a different university. Finally, methodological triangulation was employed by
comparing the conclusions drawn from this qualitative study to conclusions of a
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quantitative survey that has been implemented to answer a similar research question
(Owings, 2014).
To further strengthen the reliability of the findings, several rounds of interrater
reliability (IRR) was conducted with multiple other researchers at various points
throughout data analysis. The first round of IRR was carried out with two additional
chemistry education researchers each coding three transcripts from the first year of data
collection. Due to the nominal data set and more than two coders, Krippendorff’s alpha
was calculated (Krippendorff, 2004a). This IRR statistic offers the additional benefit of
correcting for the number of codes applied and their distribution through the dataset,
allowing it to be used to compare reliability ratings across multiple trials. A low
reliability, α = 0.53 (Krippendorff, 2004b) revealed ambiguity and overlap within the
initial coding scheme. After discussion of the discrepancies among the coders’
assignments, nearly complete agreement was reached. This discussion was used to revise
the codes, at which time two new raters were recruited. They used the revised coding
scheme to code an additional three transcripts, achieving an acceptable level of
agreement, α = 0.68, for this study. The researcher then reviewed the application of codes
across the entire data set to ensure consistency with the revised coding scheme.
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CHAPTER 3 – STUDENTS IN A TRADITIONAL GENERAL CHEMISTRY COURSE

Introduction
The results and discussion presented in this chapter were originally published in
the Journal of Chemical Education in an article titled “General Chemistry Students’
Goals for Chemistry Laboratory Coursework” and have been republished here with
permission (see Appendix E). Thirty-one students pursuing non-chemistry STEM majors
were observed and interviewed using the VSR technique after their participation in a
general chemistry laboratory experiment (Table 2). The demographics of the participants
reflect the entire course population and were sampled from 13 different course sections.
All but one of the laboratory experiments of the semester-long course were observed for
at least two participants (see Appendix C for descriptions of the laboratory experiments).
These data were used to evaluate the degree of overlap among the three learning domains
as described by Human Constructivism and the degree of alignment between the goals of
students in an introductory-level chemistry course and those of general chemistry
instructors.
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The research questions guiding the data analysis were:
•

What do students enrolled in a general chemistry course hope to
accomplish in the laboratory across the cognitive, affective, and
psychomotor domains of learning?

•

How do the goals of general chemistry students majoring in non-chemistry
STEM fields compare to the goals of faculty members?

Table 2. General chemistry non-chemistry STEM major participant
demographics
Year

Major

Participants

freshman

engineering
animal science/pre-veterinary
pre-med
geology
food science
computer science
math/physics
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3
3
1
1
1
1

sophomore

Data Analysis
In order to evaluate the degree of correspondence between student and faculty
goals, student goals were coded using a list of a priori codes was generated using a
comprehensive list of laboratory goals (Duis, Schaffer, Nussbaum, & Stewart, 2013).
Additional codes were created when students expressed additional goals that were not
included in the original list (see Appendix D for complete code list and descriptions). The
coded goal statements were analyzed using a variable-oriented approach (Miles &
Huberman, 1994, p.175). The lens of Human Constructivism guided analysis of goals
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according to cognitive, affective, and psychomotor learning domains (Bretz, 2001). For
example, a statement such as “I want to do the lab quickly because it’s boring and I want
to get out sooner” reflects goals in the psychomotor and affective domains, i.e. do the lab
quickly and avoid the negative feeling of boredom. After coding, a model was
constructed in NVivo using the transcript and video data (Figure 6). These models
enabled the researcher to compare explicitly stated goals and the observed behaviors and
other statements of each participant.

Figure 6. Model of Bethany’s video and interview data

Limitations
Because of the recruitment methods and the relatively small number of
participants (n=31) compared to the population of the course (N=2173), this should not
be interpreted as a representative sample. During the recruitment phase of this study,
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many students rejected an invitation to participate, remarking that they were too selfconscious or too unsure of their ability to carry out the experiment, which indicates there
may have been a selection bias toward students who were more confident in their
laboratory abilities or higher-achieving students. Also, the distribution of participants
according to academic program was heavily skewed to students pursuing degrees in the
field of engineering; students majoring in chemistry or students in non-STEM disciplines
may hold different goals. Finally, the participants at this institution may not be
representative of a national sample. This particular institution’s engineering program is
highly competitive and ranked in the top ten nationally, which again may lead to a
selection bias of higher-achieving students.

Results
The goals that students described at the beginning and end of the interviews when
asked what they hoped to accomplish are shown in Table 3. Students were more likely to
describe psychomotor goals when asked what they had hoped to accomplish at the
beginning of the interview. Only three students described cognitive goals at the beginning
of the interview when asked what they had hoped to accomplish. However, over the
course of viewing the clips and discussing their experiences with the interviewer, an
additional seven students described cognitive goals at the end of the interview when
asked the question was repeated (Figure 7). The proportion of students who identified a
goal at any point during the interview was calculated and compared with chemistry
faculty members’ expectations. Data from interviews of faculty members who taught
general chemistry were used for this comparison (Bruck, Towns, & Bretz, 2010). The
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students’ goals shared very little in common with the goals of chemistry faculty as
reported by previous work (Table 4).
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Table 3. Student Goals for Lab Coursework

Finish experiment (early)

Students who described as a
goal (n=31)
Number
Percent
24
77

Statement of objective provided by manual

24

77

Avoid mistakes/get the right answer

17

55

Grade objective and course requirement

16

52

Techniques and skills

12

39

Content/reinforce lecture

8

26

Prepare for future

6

19

Group work/collaboration

5

16

Data manipulation

5

16

Non-chemistry specific affective goals

5

16

Active participation

5

16

Problem solving

2

6

Know why we’re doing this

1

3

Goal statement

25
20

Number of Students Responding

18
16
14
12
10

Beginning of
Interview
End of
Interview

8
6
4
2
0
Cognitive

Affective

Psychomotor

Type of Goal Statement

Figure 7. Prevalence of students’ goal statements according to learning domains, when
asked directly about their goals for the laboratory session.

Table 4. Comparison of student and faculty goals for general chemistry laboratory
coursework

Goal statement
Finish experiment (early)
Statement of the lab goal
Avoid mistakes/get the
right answer
Earn a grade/fulfill course
requirements
Techniques and skills
Learn lecture content
Collaborate with peers
Critical thinking skills
Writing and
communication skills
1

Bruck, Towns, & Bretz, 2010

Students who identified
the goal
Frequency
Percentage
of goal
(of 31
participants)
24
77
24
77

Faculty who identified
the goal1
Frequency
Percentage
of goal
(of 9
participants)
0
0
0
0

17

55

0

0

16

52

0

0

12
8
5
0

39
26
16
0

7
5
6
6

78
56
67
67

0

0

5

56
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The goal statements were then interpreted to identify areas of overlap or conflict
among the three learning domains of Human Constructivism. Initially, it may seem that
some of these statements, such as finishing the experiment early, cannot be assigned to a
cognitive, affective, or psychomotor domain. However, as the students viewed the clips
and described their experiences, they provided insight into their goal motivations, or the
reasons for pursuing a particular goal (Gaudreau, 2012). These goal motivations allowed
the goal content, i.e. what the student hoped to achieve, to be categorized according to the
Human Constructivist framework.

Affective Goals
The most prevalent goal described by non-chemistry majors in the general
chemistry course was to complete the lab experiment (n=24), often with an emphasis of
getting done as soon as possible. Students frequently described feelings of enjoyment due
to finishing early and feeling bad about being the last to complete the experiment. For
example, David explained, “…the second lab before this was the first time that we didn't
finish last. So that was kind of fun.” Similarly, students wanted to avoid mistakes and get
the correct answer because mistakes make them feel bad, as well as hindering their ability
to achieve their objective to leave early.
Tasha:

… We learned something that we normally wouldn't have learned if
we hadn't screwed up.
Interviewer: Ok. That's interesting. So screwing up is an opportunity to learn
something new.
Tasha:
Yeah. Still makes me angry, though.
Interviewer: Why, can you just say, for my benefit, why it makes you angry?
Tasha:
Because it puts us back a little bit, if we have to like put in an extra
calculation or ask the TA. Because it's a three hour lab. Nobody wants
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to be there the whole three hours. I don't have anything better to do, I
just don't want to be there. (laughs)

Psychomotor Goals
Students described learning techniques and skills as a goal for their laboratory
course (n=12), but their behaviors as observed in the video and described in the interview
seemed to contradict that goal statement. Students were observed eschewing
opportunities to try or practice techniques precisely because they lacked proficiency. For
example, Sherri declined an offer from her lab partner to use the buret.

Sherri:

About using the buret, I just-- I just wasn't comfortable doing it,
because I didn't feel like I was good enough using it to be accurate
enough and he had done... yeah, all the other ones. And we felt like he
did a pretty good job, or, looked like he knew what he was doing.

Mason explained why he allowed his lab partner to pipet throughout the experiment
instead of taking a turn.
Mason:

I'm pretty you know, uh, like I can use a pipet, I just can't use the, I
mean I wouldn't be able to say, I'm like a master, Have you seen me
pipet? Just cause, like I'm not going to sound like, I can use it like to
it's full like whatever, it's full ability, I just, I'm not the quickest with it.
Like I bet Darren is quicker than I am at using it, just because he
knows how to manipulate the um, what's the thing at the top, like the...
actual name of the part...
Interviewer: The bulb?
Mason:
The bulb, yeah. He knows how to use that better than I do.
Unfortunately, Darren was also focused on the length of time that pipetting required, so
he modified the technique in order to make it faster.
Darren:

For the more impatient one. Instead of like waiting for the empty thing
to slowly get out of it, you can just push it out with the top bulb.
Interviewer: Push it out with the top bulb? So did you end up pushing the solution
out with the bulb?
Darren:
Yeah. Eventually, yeah.
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Interviewer: Ok. And why was that?
Darren:
Because it was like, I noticed that there was some barely in the very tip
of it that gravity wouldn’t have let down, so I just pushed the rest of it
out to make sure we had it all in the actual beaker itself.
In forgoing the opportunity to improve his ability and confidence at pipetting, Mason was
relying on his partner’s incorrect technique.

Cognitive Goals
It seemed encouraging that most students were able to quote or rephrase the
objective for the experiment that was provided in the lab manual (n=24).
Yet the ability to recite the objective did not translate into an ability to identify
conceptual goals for the experiment. Darren summarized the tasks of the experiment,
which was to analyze a colored iron phenanthroline complex via spectroscopy.
Darren:

…We were supposed to test those to find the best wavelength that it
would pick up the absorbance at and then use, er use one of the things
to find the best wavelength and use that the best wavelength to test
four more knowns, get a line of best fit and then use that equation and
use the line of best fit to calculate an unknown mixture that we made
ourselves.

But he did not seem to consider the chemical reaction that was occurring as he mixed the
two colorless reagents. Furthermore, he seemed to be conflating phenanthroline and
phenolphthalein.
Interviewer: Ok. Um, did you think about what those molecules, how they were
reacting to change colors?
Darren:
No.
Interviewer: What makes the molecules give a solution a color or not?
Darren:
(pause) An indicator? Usually, sometimes. Well I know
phenolphthalein just indicates that there's water.
Interviewer: When there's water?
Darren:
When it's neutralized the acids and base, there's water that it senses.
Interviewer: Ok.
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Darren:

But um, yeah, I don't know what else would make the color change. I
know other things that make the color changes and, um reactions, but,
I'm not too sure now.

The lab manual described the goals of the experiment as a list of tasks, much as
Darren did, and did not reference the chemical concepts. Another student who was
interviewed after performing the same experiment referred to spectroscopy as a way to
“determine the concentration without doing a titration”, but was unable to describe the
circumstances in which it would be appropriate. Nathan was another student who was
interviewed after performing the experiment. He was able to articulate the lab manual’s
objective and the relationship between concentration and color, but did not realize that
the color itself was what allowed the spectrophotometric analysis to be performed.
Nathan:

Either the higher concentration the deeper the color it is, like the red,
and then the lower that would be towards the orange, or the other way.
Interviewer: Ok. And um, do you know why in lab they gave you those different
colors? Did it matter?
Nathan:
It's more bright so it's kind of like, you won't mix everything up.
Earning a grade or credit for the course was frequently named as a goal by
students (n=16). This may be construed to mean that the students want to gain a deep
understanding of the course content, especially since eight students listed learning
chemistry concepts or content as a goal. However, the interviews revealed that this was
not the case.
For example, Albert expressed his desire to get a good grade and emphasized that
he wanted to understand the material, but rather than gain that understanding while
working through lab, he said he would be able to do it later.
Interviewer: Did you think about maybe asking other students, your TA, the
professor?

30
Albert:

I know that a lot of the other students are in the same boat that I am,
they're first year chemistry students. The TA, I probably could've
asked her, she was busy, and you know, at this point, truthfully, I just
wanted to get the experiment done. Uh, I can worry about the
conceptual learning later.

Kristin had also decided to learn the material at a later time.
Interviewer: So you're ok with [not understanding]? It still works for you?
Kristin:
I mean, it works because I know that, I mean the exam's coming up so
I'm going to study and I'm going to figure it out like today or
tomorrow, so it doesn't bother me.
Albert’s and Kristin’s decision to delay their pursuit of conceptual understanding may
have been due to a desire to leave lab early, or, like Samantha, they might have felt that
there was not enough time provided. Samantha was asked if she had considered the
molecular interactions that were occurring during the titration she performed.
Samantha:

Like I feel like they must be coming together and that's why we're
mixing. Maybe the molecules have to be equal? I don't know what
happens to the molecules when they become stabilized. I don't know.
But, I'd like to know.
Interviewer: Ok. So do you ask those questions?
Samantha: Um, not really. Because there are so many other questions. Like,
questions on homework and questions on handouts that they give us
and I feel like there's not enough, not enough time to get my questions
answered. So I try to focus on what's going to be on the exams because
obviously that's the stuff I’m going to have to know. Sadly.
Indeed, students seemed to be more deeply swayed by the exam content than that
of the lab reports. The first experiment asked students to perform titrations, comparing
the accuracy of using a pipet or graduated cylinder to measure the titrand. After the
experiment, Bethany seemed to think that the pieces were equivalent, even though she
acknowledged that her results provided evidence to the contrary.
Interviewer: Ok. And, when you, after you did it and you used both pieces, the
pipet and the graduated cylinder, did you, um, how did you think about
those results? Between using the graduated cylinder and the pipet?

31
Bethany:

I don’t think it made that much difference. In my opinion. But our
results, I think it showed the pipet was more accurate, I think. I’m
trying to remember. Yeah, I think it did. But just a little bit more.
There— I don’t know. I don’t really think it makes that much
difference. But I don’t know.

This phenomenon did not seem unique to Bethany. On the subsequent exam,
students in the large lecture course were asked to identify the piece of glassware with the
most accuracy, and only 46% of students were able to select the correct choice. However,
in interviews that were conducted following that exam, participants recognized the
difference in accuracy.
Interviewer: Now what were you telling him there?
Nathan:
Telling him the pipet is more accurate than the volumetric-- uh, the
graduated cylinder.
Interviewer: Ok. Why do you think that?
Nathan:
Because I got that question wrong in the exam.

Interviewer: Can you rank it or compare it to other glassware? For how accurate it
is?
Sherri:
Well I know from my test that it's the most accurate we've used.
(laughs)

Even though Nathan and Sherri had both participated in the same lab that Bethany did
requiring students to compare the relative accuracy of glassware, they cited the exam
question as the source of their knowledge.

Discussion
A comparison of the students’ goals with respect to the goals of faculty members
reveals substantial misalignment. When given an opportunity to describe their goals,
students did cite some goals that have been reported by faculty, such as learning
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techniques and skills, learning content associated with the lecture, and working
collaboratively with classmates, but none of the students’ top four most frequently
described goals correspond to any previously reported instructors’ goals for laboratory
coursework. Other goals of chemistry faculty, such as a deeper understanding of the
nature of science, learning experimental design, improvement of writing skills, engaging
in the work of scientists, and the investigation of phenomena were not mentioned at all by
the students.
In addition to the poor overlap with the goals of chemistry faculty, student often
held multiple goals that were often in conflict with each other, particularly across the
learning domains. Human Constructivism posits that meaningful learning occurs at the
overlap of cognitive, affective, and psychomotor domains, but this overlap was not
achieved due to conflict among the goals of the three domains. Goals within the affective
domain (e.g. to feel good by getting done early) were in conflict with psychomotor and
cognitive goals (e.g. to spend time practicing techniques and understanding concepts). To
increase their feelings of enjoyment and confidence in lab, students employed strategies
to complete the lab as quickly as possible. Their affective goals superseded and required
forfeiture of other goals, leading students to make compromises in their psychomotor and
cognitive learning. Interestingly, while students prioritized goals in the affective domain,
chemistry faculty more frequently described goals in the psychomotor and cognitive
domains and neglect the affective domain (Bretz, Fay, Bruck & Towns, 2013).
The students also held the respective goals within the psychomotor and cognitive
domains separately. Instead of seeking to integrate the cognitive and psychomotor
domains and understand why they are carrying out certain steps or techniques, or to build
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conceptual understanding based on the experiments that they perform, the two domains
remained distinct, with students uncritically following directions and deciding to pursue
conceptual understanding outside of the laboratory context. This separation between the
cognitive and psychomotor domains and their conflict with the affective domain
hampered meaningful learning (Figure 8).





 



   
    



 
 

 
   
  
 

  
  
   

Figure 8. Relationships among students’ primary goals for laboratory coursework.
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CHAPTER 4 –CHEMISTRY MAJORS IN UPPER LEVEL COURSES

Introduction
The results from the study of students in the introductory laboratory course many
not be very surprising. After all, these students were not pursuing chemistry due to a
specific interest in the topic; they were required to take general chemistry in order to
complete their degree program. They may not have valued the learning opportunities
offered by the laboratory work as much as students who had chosen to earn a degree in
chemistry. In addition, nearly all of the students were freshman in their first semester of
college. They may have lacked the maturity and experience to set and achieve appropriate
learning goals. The conflicting and maladaptive goals that were observed for the general
chemistry course may have been a characteristic of that particular student population.
Therefore, the same observation and interview data was collected with junior- and seniorlevel students enrolled in an analytical or advanced instrumentation chemistry course
with a laboratory component (Table 5). The laboratory sections were taught by graduate
teaching assistants, and the students worked in pairs or groups of three to complete the
experiments (see Appendix C). Like the general chemistry course, the laboratory guide
provided students with directions for the experimental procedure and data analysis. All of
the students were intending to earn a degree in chemistry, with the exception of one
majoring in bioengineering with a minor in chemistry. These 17 students represent
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approximately 15% of the enrollment in these two courses, and are representative of the
makeup of the respective course populations. This study was guided by the questions:
•

What goals do upper-level undergraduate students majoring in chemistry hold
for their chemistry laboratory coursework?

•

How well are these students’ goals aligned with the goals set by their
instructors?

•

How do these students’ goals influence their actions during the laboratory
session and their knowledge of the experiment?

Table 5. Upper-level chemistry major participant demographics.
Pseudonym
Amy
Chad
Julia
Michelle
Seth
Victoria
Chris
Jessica
Justin
Kevin
Larry
Tom
Bert
Chase
John
Jordan
Sapphire

Course
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry I
Analytical Chemistry II
Analytical Chemistry II
Analytical Chemistry II
Analytical Chemistry II
Analytical Chemistry II

Major
chemistry
chemistry
bioengineering
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry
chemistry

Class Standing
junior
junior
junior
junior
junior
junior
senior
senior
senior
senior
senior
senior
senior
senior
senior
senior
senior
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Data Analysis
The video and interview data collected in the upper-level courses were transcribed
and coded similarly to the data collected in the introductory course. See Appendix D for a
complete list of the codes and their definitions. Although Human Constructivism
provided a way to define, categorize, and explore the relationships among the goals of the
students in the introductory course, it did not provide a way to explain how the goals that
students set were (or were not) translated into choices in the classroom. For the data
collected with the upper-level students, analysis was guided by the framework of SelfRegulated Learning (SRL).

Self-Regulated Learning
Like Human Constructivism, SRL situates goals within three learning domains,
although it replaces the psychomotor descriptor with the term behavioral. SRL describes
learning as a continuous process of goal-setting, monitoring, and modification within the
cognitive, affective, and behavioral domains. Once a goal has been set, the learner
compares her current level of achievement with the desired goal and then pursues a
strategic course of action to bring her current state closer to the desired state, culminating
in reflection on the effectiveness of her actions (Pintrich, 2000). Despite this linear
description, the learner can deviate and revisit any stage during any point of the learning
process. Although goal setting is presented as an initial step, the goal can be adjusted
during a student’s learning task as a result of feedback from subsequent stages
(Boekaerts, 1999). A goal can be a general outcome that a student is trying to accomplish,
or specific, focused outcomes that a student holds simultaneously in order to accomplish
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broader outcomes. These goals can apply to the cognitive, affective, or behavioral
domains, as well as any combination. For example, a student could simultaneously set a
cognitive goal of learning a particular concept, and hold an affective goal of wanting to
take pride in his efforts, and a behavior goal of using new laboratory instruments. The
fact that students may hold multiple goals within a particular domain, as well as across
the three domains, can lead to a wide array of goals, many of which may be incongruous
(Boekaerts & Niemivirta, 2005). Thus, the SRL framework provides a way to categorize
and understand the interactions among the students’ goals, as well as interpreting how the
students’ efforts to achieve those goals may aid or inhibit their laboratory learning.

Results
To address the first and second research questions, the prevalence of goal
statements made by students was displayed in Table 3. Less than half of the students F
DFF viewed lab as a place to apply critical thinking skills, integrate information from
other coursework, or generate conceptual knowledge, even though these goals all rank
high among chemistry faculty members’ stated purposes for laboratory coursework
(Bruck & Towns, 2013; Bruck, Towns, & Bretz, 2010; Duis, Schafer, Nussbaum, &
Stewart, 2013). Another goal for which students and faculty agreed was the cooperative
work between laboratory partners (n = 11, 65%). However, a large percentage of students
described goals that did not align with faculty goals for laboratory, such as getting done
as quickly as possible (n=15, 88%) and achieving the intended results (n=15, 88%), or
restated the procedural objectives as described by the manual (n=11, 65%).
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As the percentages in Table 3 suggest, students held multiple goals
simultaneously. Interpretation of the students’ goals and actions during lab via the SRL
framework was necessary. A portion of this analysis for Larry is displayed in Table 6
Larry described learning the relationship between absorbance and concentration as a goal,
but did not carry out any controls to pursue this goal during lab, nor did he discuss any
strategies during the interview. Instead, he seemed to think that he would learn the
information while writing the laboratory report. Yet when asked at the end of the
interview what he had learned, he described himself as having learned about “some kind
of relationship” between absorbance and concentration. Larry was not able to further
elaborate on the relationship between concentration and absorbance, nor did he employ
the principle in his explanations of the laboratory activities. Thus, despite his claim to
have learned this concept, the monitoring and controls that Larry employed were not
well-suited to achieving his cognitive goal during the lab session and his self-assessment
that he had succeeded was overly optimistic.
Larry also described the psychomotor goal of learning how to use the
spectrophotometer at the beginning of the interview. However, video observation
revealed that he did not use the instrument. He acknowledged this during the interview,
explaining that he did not know how to use it, so he thought that his lab partner should
carry out the task. Although Larry initially engaged in appropriate goal setting, selecting
the goal of learning to use the spectrophotometer, and monitoring, identifying that he did
not know how to use the spectrophotometer, the control he chose to achieve his goal was
inappropriate. Instead of spending time manipulating the instrument, he stood by and
observed his lab partner carrying out the task. In his reflection on his ability to achieve
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his goal, he equivocated, saying he felt comfortable using the spectrometer, but he would
not be able to use it independently.
Larry was able to select goals in the cognitive and psychomotor domains that
aligned with learning outcomes previously reported by chemistry faculty for advanced
chemistry laboratory coursework (Bruck, Towns, & Bretz, 2010). However, he was not
able to enact the subsequent phases of SRL, particularly selection of controls and
reflection on learning. This analysis of goals and subsequent abilities to engage in SRL
was carried out for each participant, generating the following themes.
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Table 6. Upper-level chemistry major participant demographics.
Process
Forethought

Domain
Cognitive
Psychomotor
Larry: So I think the purpose of
L: To learn the, how to use
this lab is like, to learn the
the, like the machine, what
relationship between
is that, the spectro-...
absorbance and concentration, I: Spectrometer?
like that.
L: Yeah. Spectrometer.

Monitoring

No explicit monitoring observed.

L: I haven’t seen that, actually
I have seen that one, but I
don't know how to use that
properly.

Controls

L: But when you start to write a
final report, it's more... the... I'm
more like, feel like we're getting
to know more stuff when I write
the final report.

L: Yeah, I haven't used that. I
just watched Chad did,
doing that.
I: You just watched Chad?
L: Yeah, I just watched Chad
doing that because I have
never used that before.

Reflection

Interviewer: Ok. That’s fine, you
don't have to have a reason. I
was just curious. So what do
you think you accomplished or
learned from doing this lab?
L: From doing this lab?
I: Mhmm.
L: Hm. I realized there is some
kind of relationship between the
absorbance and percent
transmittance, concentration.
Because we were using the
different flask which contains
like different volumes of stock 1
and stock 2.
I: Mhmm.
L: So there should be something
related with, among like
concentration and absorbance.

I: How comfortable do you
feel using the
spectrometer?
L: Comfortable.
I: You said you haven't used it
before…. Do you think you
would be able to use it in
the future?
L: I can try.
I: You can try?
L: I can try using that, but I
would need help.
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Conflicting Goals
Like Larry, John expressed a desire to learn about the instrumentation that was
introduced during the laboratory session. However, he also wanted to leave class early.
Furthermore, not knowing how to use the instrument was frustrating and made him feel
uncomfortable. Asking the teaching assistant to provide instructions on how to use the
instrument as they collected data helped him to avoid frustration and allowed him to
complete the task sooner. However, it allowed John and his partner, Bert, to carry out the
steps without considering the purpose or physical meaning associated with the steps.
During the interview, John viewed a video clip where the two partners discussed whether
or not to zero the instrument.
John:

If I would've been doing it alone, I would’ve zeroed it every
time.… instead of getting into some sort of discussion and have an
argument [with Bert], maybe wasting valuable time, I guess I
decided to just not take as much initiative doing that, just as far as
a compromise.

Instead of pursuing the conversation with Bert, or asking the teaching assistant to provide
guidance on how to know when to zero the device, John pushed aside his doubts and
conceded to Bert without further developing his understanding of the issue. In this
instance, his goal of understanding the instrument conflicted with his goal to get out
quickly and to avoid frustration. He could not adopt a control strategy to meet all of his
goals simultaneously, so the goal to understand the instrument was suppressed in favor of
early completion of the experiment and avoidance of frustration. Jordan, another student
who named using laboratory equipment as a goal, did not use the equipment at all during
his laboratory session. He explained the conflict he faced: “I figured it would take longer
to do stuff, because I would have a harder time figuring [it] out exactly.” Despite initially
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setting a goal that their instructors would deem appropriate, John and Jordan prioritized
the goal of leaving lab early even higher, which prevented them from selecting
appropriate controls to meet the former goal.
Although several students cited their desire finish the lab as quickly as possible as
their reason for their avoidance of practicing new techniques, Victoria expressed a
different reason for her choice to defer the task of pipetting: “Our standard needed to be
accurate, so it's probably better for [my laboratory partner] to do it than me.” In addition
to taking longer, students were reluctant to try new skills and techniques because their
inexperience might contribute to obtaining less accurate data, and getting the “right”
results was an important goal. This goal was often mentioned in the context of another
goal, earning a specific grade or credit for the course. Chris explained it: “It's partially the
fact that we are graded on accuracy.” Amy agreed, saying that it was “terrifying” to know
that her grade was dependent on her group’s performance. Thus, even students who said
that learning laboratory techniques was one of their goals avoided engaging in those
unfamiliar techniques, and instead elected whichever partner was already the most
confident to perform the task in order to avoid the frustration or embarrassment of
collecting inaccurate data or earning a poor grade.

Inadequate Reflection
Another barrier to laboratory learning was the students’ inadequate reflection on
their progress toward their goals. A range of difficulties in the reflection component of
SRL were observed. Some students, such as Larry, did not engage in reflection until they
were questioned in the interview, at which point they were able to evaluate their actions
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in comparison with their goals. Larry critiqued his performance of a technique during lab,
describing the correct method and saying “my mind changed after I saw this video.”
Like Larry, the interview prompted Amy to engage in deeper reflection and she
recognize her failure to meet her learning goals.
Amy:

I wish I like knew the answers to like the questions you're asking. I
feel like that's something as you're asking the questions and I’m
like, "Oh, crap." Now I want to go home and know what these
answers are. I guess by not doing a prelab, it's like you don't feel
like you have to really do as much. Which is nice. But it's like, and
there’s nothing really to do for the prelab, there's nothing really I
can imagine, everything's already calculated out for us, so you don't
need calculations.

Unlike Larry, Amy was only able to identify the gap in her knowledge and was not able
to correct her mistake. However, some students were not even able to recognize their
deficiencies. Michelle expressed a desire to learn how to use laboratory equipment during
her interview. She indicated that she had previously experienced difficulty using a pipet
and that she wanted to use the pipet as much as possible to get practice. She watched a
video clip of herself performing the lab task and remarked, “Now I’m a pro.”
Unfortunately, the recording clearly showed her using the instrument incorrectly. Despite
Michelle’s appropriate goal setting, monitoring, and control, ultimately, she did not have
sufficient knowledge about the laboratory task to accurately reflect on her achievement of
the goal.
Other students had the relevant knowledge to carry out the task, but did not apply
it to achieve their goals in the laboratory setting. Chris made statements throughout the
interview to describe his desire to get accurate results. He viewed a video clip of his lab
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partner incorrectly rinsing glassware with water instead of rinsing it with it with the
sample.
Interviewer: So rinsing with deionized water, is that still something that you
should do? Or what do you think about the rinsing part?
Chris:

In general, you should. Like she was going on general principle.
Rule of thumb. Heuristic that if you are measuring different
solutions and you don't want them contaminating each other, you
put DI water to clean it out so that you don't affect your
concentration. It doesn't necessarily need to be water. Because if
you have a different solvent, you don't want to be using water. You
want to be using whatever it is. Especially if it's organic. But we
never work with organic [solvents] in analytical [laboratory
experiments].

Interviewer: Right. So what was the best thing to rinse with in this case?
Chris:

Water. Probably. Most definitely water. Yeah.

Chris was not able to access his knowledge about selecting the appropriate solution for
rinsing glassware and apply it to his actions during the laboratory experiment, thus
leading to inability to accurately reflect on his achievement of his goal.
Like Chris, Chad set a goal of achieving accurate results, explaining “Because
since this is an analytical lab, a good portion of what they're emphasizing is being able to
be accurate and be precise, that's why we're graded pretty heavily on our accuracy.” Chad
was shown a video clip where, after washing his glassware with water, he correctly
poured a small amount of solution into it to rinse out any remaining water. This would
ensure that any remaining water used to wash the glassware would not dilute the solution
that he had carefully prepared to an exact concentration. However, instead of discarding
the rinse solution, he poured it back into the flask with his remaining solution, which he
then used to analyze his sample. Chad described the technique that he used and admitted
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that adding the solution used to do the rinse back to the solution would contribute to error
by diluting his solution by an unknown amount. In response, he was asked to reflect on
the purpose of the rinse.
Interviewer: So why even do that part? Why did the lab manual ask you to do
that?
Chad:

I think honestly, what it was probably wanting us to do was take
some of the stock solution, pour it in the buret and then just release
that into a waste [beaker]. On second thought, that's probably what
it was asking, so that we'd have pure stock [solution] left.

Interviewer: Ok. Do you prefer that method that you just described or the way
that you guys did it?
Chad:

Honestly, it would probably be better to do the way I just described,
the latter. Because, it would-- see I'm kind of at a crossroad,
because I would like to think that in the 250 mL of diluted stock
that we already had, [it] wouldn't make that much of a difference,
but on the other hand, it would make a difference, so it would
contribute to a small amount of error, so, I prefer to do it the second
way, but I personally don't see anything that wrong with the former.

With explicit prompting during the interview, Chad was able to correctly interpret the
procedure, recognizing his mistake. Yet Chad remained adamant that there was nothing
“wrong” about the way he carried out the task, even though he professed his goal was to
perform the experiment accurately. The control he selected, deviating from the laboratory
procedure, was inappropriate for meeting his goal, yet he could not fully concede this
during his reflection.
Chad’s confusion about rinsing his glassware, revealed that he, like many other
participants, engaged in a laboratory practices without understanding the purpose for that
practice. But this lack of understanding of the science concepts targeted by the
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experiment. Michelle was asked about the concepts underlying the experiment she had
completed.
Interviewer:

What variables [were you graphing]?

Michelle:

Absorbance and time.

Interviewer:

Ok. What does that tell you? Like why is this experiment having
you measure absorbance and time?

Michelle:

I can't remember exactly, I would have to read over the overview
again how it connects to the whole glucose level, how the enzyme
affects the reaction, so I guess it all correlates to that.

Later, she stated that she understood why they needed to vary the concentrations of the
solutions, so she was asked again about why that particular variable was under
investigation.
Michelle:

I just know that in past labs we've changed the concentrations to
see how the absorbencies or how the absorbance for the um, um
alters so, I know that's probably like a significant reason for why
we changed the concentrations.

Interviewer:

Ok. And so, what does seeing how the absorbance and
concentration change together, what does that get--get you? Why
would you do that?

Michelle:

I guess just a full understanding of the spectrometry as a whole.

Michelle’s lack of understanding of the experiment’s underlying principles may concern
the instructors who utilize laboratory experiments to help their students     
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Discussion
Misalignment between students’ goals and instructors’ goals for chemistry
coursework may contribute to the underwhelming outcomes observed in previous studies
of the effects of laboratory coursework on student understanding (Hofstein & Lunetta,
2004). This study sought to describe the goals of students in advanced chemistry
coursework and compare students’ goals to the previously reported goals of chemistry
faculty. The students did not exhibit a great deal of agreement with instructors about the
specific goals of their chemistry laboratory coursework, focusing most strongly on
aspects such as getting done early and earning a good grade. In addition, this study
revealed that goals prioritized by instructors were rejected by the students due to conflicts
with other goals, especially completing the lab early and getting a good grade.
Furthermore, even when upper-level chemistry students hold goals in common with
chemistry instructors, the students frequently lacked the meta-cognitive abilities to
monitor their progress toward their goals or reflect on whether their behaviors were
consistent with their goals. Although instructors might come to expect or even accept
some level of apathy toward learning from introductory level students or students
pursuing degrees other than chemistry, it comes as a contradiction to theories of interest
and motivation (e.g. Lent et al., 2005) that chemistry majors in their junior and senior
years progress through their laboratory coursework as automata, seeking only to fulfill
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the requirements to earn a particular grade and degree. If these students do not agree with
their instructors on learning objectives for chemistry laboratory coursework, is there any
group of students that does?
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CHAPTER 5 – REFORM: GENERAL CHEMISTRY STUDENTS TAUGHT USING
THE SCIENCE WRITING HEURISTIC

Background
This research project began with an examination of students’ perspectives of the
laboratory experience, particularly their intended outcomes, in a general chemistry
course. The premise was that a misalignment between the students’ and their instructors’
goals led to rote or surface learning instead of deeper meaningful learning. Observations
of and interviews with the students revealed that this was true. Then, the same data was
collected in two classes populated by students at the junior and senior level who were
majoring in chemistry, in hopes that these students, through their experiences in the
chemistry curriculum and inherent interest in chemistry, would have goals more
reflective of the intended learning outcomes of the laboratory. If this was true, their
comments would offer insights for how this might be achieved among the population
taking introductory chemistry. However, the same themes emerged from the students
taking the advanced coursework: they avoided doing new or difficult tasks in order to get
good results in a time efficient manner. Thus, the search continued for a group of students
whose goals were more closely aligned with their instructors’ goals. Varying the
students’ level of experience did not cause a large shift in their goals, so a new variable
was investigated: the curriculum.
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The differences in learning outcomes for different environments can be explored
by the learning theory of situated cognition, which places emphasis on the relationship
between the learner and the learning context (Lave, 1993). The degree to which a
learning environment supports the learner can be determined by examining the legitimate
peripheral participation, or the degree to which the learning context supports novices in
carrying out authentic practices and modeling the tasks of experts (Lave & Wenger,
1991). A learning environment that facilitates a greater degree of legitimate peripheral
participation, that is, greater alignment between the novice’s practice and an expert’s
practice, will allow the novice to become more expert-like and progress toward full
membership in the Community of Practice (CoP) (Roschelle & Clancey, 1992). The Next
Generation Science Standards has defined eight scientific practices that should be
supported by science curricula (Table 6) (NGSS Lead States, 2013).

Table 7. Authentic science practicesa
Practice
Asking questions
Modeling

Description
Students determine the questions to investigate
Students develop and use conceptual models to understand
results
Investigating
Students plan and carry out investigations
Analyzing data
Students analyze and interpret data
Using mathematics
Students apply and solve mathematical equations to make
sense of data
Explaining
Students construct explanations for their results
Engaging in argument
Students rely on evidence to support their arguments
Communicating
Students obtain, evaluate, and communicate observations,
information
results, and conclusions
a
Adapted from the Next Generation Science Standards (NGSS Lead States, 2013).
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The Task Analysis Guide in Science (TAGS) is a framework for assessing the
degree of authentic science inquiry required by specific educational activities (TekkumruKisa, Stein, & Schunn, 2015). It categorizes tasks along two parameters, the cognitive
demand and the integration of content and practice (Figure 9). Tasks that require low
cognitive demand or that separate science content from scientific practices do not support
legitimate peripheral participation. Tasks that require a deeper understanding and
integrate concepts with practices more accurately represent the work that scientists do in
their Communities of Practice.
The laboratory tasks that were assigned to the first two groups of students would
be classified according to the TAGS framework as Scripted Practices and Scripted
Integration. Scripted Practices provide students step-by-step instructions for a specific
task that does not require incorporation of science content knowledge or complex
thinking). An example of a Scripted Practice would be an experimental procedure that
provides instructions on how to prepare specific solutions, how to fill the buret, and how
to perform a titration. The students in both groups were also provided with explicit
instructions for laboratory report following the experiment. The instructions directed
them to make specific tables, graphs, perform calculations, and answer questions,
compiling this information into a laboratory report. This required students to combine
both scientific practices and science content, but because they received explicit directions
on how to do this, their laboratory reports would be categorized as Scripted Integration.
(Tekkumru-Kisa, Stein, & Schunn, 2015). Not only does Scripted Integration not require
a high level of cognitive demand, it is not representative of the work of practicing
scientists.
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Scientific Practices
(e.g. argumentation
and investigation)

Doing science
tasks

Cognitive Demand Levels

Tasks
involving
guidance for
understanding

Tasks
involving
scripts

Memorization
tasks

Science Content (i.e. Integration of
scientific body of
Content and
knowledge)
Practices
Doing Science (DS)
Engaging in
practices to make
sense of content and
recognize how
scientific body of
knowledge is
developed
Guided Integration
(GI) Guidance for
working with
practices tied to a
particular content
Guided Practices
Guided Content
(GP)
(GC)
Being guided for
Being guided for
understanding
understanding
practices
particular content
Scripted Practices
Scripted Content
Scripted Integration
(SP)
(SC)
(SI)
Following a script to Following a script
Following a script to
work on practices
about a content
work on practices
tied to content
Memorized
Memorized Content
Practices (MP)
(MC)
Reproducing
Reproducing
definitions/explanati definitions,
ons of practices
formulas, or
principles about
particular content

Figure 9. Task analysis guide in science, reproduced from Tekkumru-Kisa, Stein, &
Schunn (2015).

Calls for laboratory reform have urged instructors to incorporate experiments that
require students not only to integrate their scientific practices with content knowledge,
but to develop a deeper understanding of the practices and content by fostering
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interpretation, construction of meaning, and discovery (e.g. NGSS Lead States, 2013).
Activities that meet both of these standards are classified as Guided Integration
(Tekkumru-Kisa, Stein, & Schunn, 2015). Several reformed chemistry laboratory
curricula have been developed in an attempt to engage students in high-level cognitive
tasks that apply reasoning to both the practices and content of the laboratory experiment
(e.g. Cooper, 1994; Keys, Hand, Prain, & Collins, 1999; Krystyniak & Heikkinen, 2007;
Russell & Weaver, 2011; Walker & Sampson, 2013). These types of curricula generally
result in improved learning outcomes, which can be explained via the lens of situated
cognition: students who experience an environment that allows them to engage in a
greater degree of legitimate peripheral participation become more expert-like in their
practice. One potential mechanism for this relationship may be, in part, a reprioritization
of the students’ laboratory goals. To examine this possibility, a population of students
experiencing a reformed general chemistry laboratory curriculum based on the Science
Writing Heuristic (SWH) were included in this study of undergraduate students’ goals for
laboratory coursework. The goals of these SWH students were compared with the
students who took general chemistry in a traditional general chemistry course, which
were reported in Chapter 3.
The SWH method is intended to “promote connections among investigation
questions, procedures, data, evidence, and knowledge claims that may not initially be
apparent to students” by facilitating the elicitation of prior knowledge, fostering
laboratory skills in prelab activities, supporting student-designed experiments, and
requiring evidence-based conclusions (Keys, Hand, Prain, & Collins, 1999). The method
requires students to engage in small-group and whole-class discussions with their peers to
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determine the question for the investigation and plan the procedure. Then, they work in
small groups to carry out the procedure, and reconvene as a large group to share their
data and discuss the results. Then, they create laboratory reports that require the students
to use evidence to support claims that address the investigation question(s). According to
the TAGS framework, the SWH method require students to engage in Guided Integration
or Doing Science, depending on the amount of scaffolding offered by the instructor. This
method for laboratory instruction has been shown to improve learning outcomes for
students over traditional laboratory curricula. Eighth-grade students who participated in a
SWH experiment displayed evidence of constructing claims from their experimental data
and exhibited meta-cognitive thinking (Keys, Hand, Prain, & Collins, 1999). A mixedmethods study showed an improvement of student performance on conceptual questions
when students participated in a SWH laboratory experiment compared to a traditional
experiment (Hand, Wallace, & Yang, 2004). Another study showed that not only does the
SWH method of implementing laboratory experiments improve students’ scores
compared to traditional laboratory experiments, low-achieving students in particular
benefit from the method (Akkus, Gunel, & Hand, 2007; Kingir, Geban, Gunel, 2012).
These successes with the SWH method may indicate that goals of students taught in this
method may be in greater alignment with the goals of chemistry faculty.
For students’ experiences in a laboratory course based on the SWH, data was
collected at a second institution, the University of Northern Iowa (UNI), which is
classified by the Carnegie Classification framework within Larger Program Master’s
Colleges and Universities with a high undergraduate enrollment profile. The differences
between the two institutions is one limitation of this study, as the setting may influence
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the students’ goals and this effect cannot be separated from any effect of the differences
in curricula. This study was also limited by the relatively smaller number of observations
conducted with the SWH group, 6 interviews about a single experiment, compared to the
group experiencing the traditional curriculum (TRAD), which had 31 interviews covering
9 experiments.

Research Questions
The comparison of these two groups sought to answer the following research
questions.
•

What are the goals of students in a general chemistry laboratory course taught
using the Science Writing Heuristic?

•

How do the goals of these students compare with the goals of those in a
traditional general chemistry laboratory course, especially with respect to the
goals of laboratory coursework as prioritized by chemistry faculty?

•

How do the different learning environments contribute to differences in the
students’ goals?

Results
The percentages of SWH students who described striving toward a particular goal
at any point during the interview were calculated. These percentages were compared with
same data from the TRAD students. The differences in goals between these two groups
are displayed in Figure 10. The x-axis categorizes the goals, with the goals that were the
most unique to the TRAD and SWH groups at opposite ends of the axis and goals
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occurring with similar prevalence among the two groups displayed in the middle.
Students in the SWH group more frequently named improving critical thinking,
communicating results with clarity, learning concepts, and wanting to avoid
embarrassment. Students in the TRAD group more often named learning to use
instruments, restated the purpose of the experiment as provided by the laboratory
materials, emphasized their desire to complete the lab in the shortest amount of time as
possible, and wanting to follow the directions in the lab manual. These differences will
now each be discussed with example quotations from the interviews.
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Figure 10. Goals of general chemistry students for laboratory coursework, ranked by
prevalence within each group.
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Goals More Frequently Cited by TRAD Students
The goal that was most frequently cited by TRAD students compared to the SWH
students was to learn laboratory techniques and use instruments. Will and Charles were
students in the traditional course.
Interviewer:

Will:

Charles:

Interviewer:
Charles:

You talked about you wanted to understand what was going on.
What new understanding did you develop having gone through this
lab?
One understanding is like how to use the instruments, the
equipment we had.
That's what this lab was trying to say. I don't really think it was
about titrating, I think it was more about learning how to use the
lab equipment than titrating.
Mhmm. What were you trying to learn about how to use the lab
equipment?
In this case, I think what I learned is how to use, measure exact
decimal places on different types of glassware.

While 45% of TRAD students (n=14/31) named this as a goal, none of the SWH students
did. Two other goals were mentioned by TRAD students, but not at all by the SWH
students. Wanting to follow the directions was named by 29% (n=9/31) of the TRAD
students. When asked why they decided to pursue a certain action or carry out a task, the
students frequently referred to the directions.
Interviewer:
Fred, SWH:

Ok. Why did you make a graph of that?
The procedure told us to.

James (TRAD) also stated that he wanted to follow the directions. When probed about
why, he expressed a lack of confidence in his own ability to determine what to do.
James: [Lab] is pretty epic and intense and all these [famous researchers] knew
what they were doing and I have no idea what I'm doing and I have to follow the
instructions precisely so I can know what I’m doing too.
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In addition to following directions and learn techniques, 23% (n=7/31) of the TRAD
students named carrying out calculations as a goal. Wyatt (TRAD) described how, even
though they had to learn how filter and dry a precipitate, he thought the primary focus of
the laboratory experiment was to learn how to calculate the theoretical yield.
Wyatt:

…the objectives for what you're supposed to learn in each lab is
very focused. Here we just wanted to talk about chemical synthesis
and learning about the calculations involved from going from one
to the other, one to the other to the other involving mole fractions
and other things like that, so that was really the focus of this lab
and I guess a reason for why the ethanol was cool in the process of
using the um, the special funnel, I forget the name, it wasn't really
emphasized.

Curtis (TRAD) carried out a different experiment, where the students synthesized
luminol. He described himself as “disappointed” by the lack of calculations required by
the experiment.

Curtis:

Well, having just finished the lab, I was expecting some kind of
math to do, um. I was used to, in all my lab experiences, some kind
of comparison to expected results. Um. But I felt like I was kind of
uh, robbed that in this lab.

One other goal that was named by both groups, but more so by TRAD students
was wanting to complete the necessary steps in a time-efficient manner. Not only did
Daniel (SWH) voice this goal, but he assumed that his peers would be in agreement with
him, saying “I guess nobody really wants to remain in the lab that long.” In the TRAD
group, 87% (n=27/31) of the students described this as a goal, while only 50% of the
SWH students did (n=3/6). This goal was often linked to the goal of carrying out the
experiment correctly. Elliot (TRAD) and Mitchell (TRAD), both said that making
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mistakes would prevent them from accomplishing their goal to complete the work
quickly.
Interviewer:
Mitchell:
Interviewer:
Mitchell:
Elliot:
Interviewer:
Elliot:

Anything, like what was on your mind for what you wanted to get
done?
I just wanted to complete the lab with as much efficiency as
possible.
Efficiency. What does that mean to you?
Getting the work done with the least amount of screw-ups.
And time. Time.
Ok. What do you mean by time?
If we would've messed up we would've had to go back and redo it
which would've took more time which would mean we would've
been there longer.

Goals More Frequently Cited by SWH Students
The goal named most frequently named by the SWH students relative to the
goal’s prevalence among the TRAD students was the acquisition of critical thinking
skills. To earn a designation of the learning critical thinking skills goal, the transcripts
were examined for instances of students who desired ‘‘purposeful, self-regulatory
judgment which results in interpretation, analysis, evaluation, and inference, as well as
explanation of the evidential, conceptual, methodological, criteriological, or contextual
considerations upon which that judgment is based’’ (Facione, 1990 p. 2). Of the SWH
group, 83% (n=5) described critical thinking when they were talking about their aims for
the observed session, compared to only 6% (n=2) in the TRAD group. The two TRAD
students who did describe critical thinking skills did so in a tangential manner; they did
not see them as essential to, but in an addition to their experiences in lab. Kristen
(TRAD) described wanting to apply critical thinking after completing the procedure,
while writing the lab report.
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Kristin:

Well, we spend a lot of time on the lab report, which I feel like it's
the important point so we can actually think it through and figure
out why we did what we did.

Although Kristin felt that understanding the tasks they carried out was important, she did
not hold this goal while the work was carried out during the laboratory session. Elliot
(TRAD) described using critical thinking during class, but said it was not his intention at
the outset. Instead, mistakes made in following the procedure required him to apply
critical thinking to correct mistakes he and his partner made in following the procedure.
Interviewer:
Elliot:

What do you think that you accomplished in this lab?
Problem solving, we had to be flexible in this lab because we made
a couple mistakes.

In contrast, the SWH students described critical thinking in a way that was integrated
throughout the class session. Andrea and Daniel described critical thinking as a benefit of
having to collaborate with their peers to devise the investigation questions and procedure.
[after viewing a clip where the class collaborates to compose two investigation
questions for the experiment]
Interviewer: How do you feel about that, about having to come up with these
questions?
Andrea:
I think it works on our critical thinking skills, honestly. It's
teaching me to, you know, you have to come up with an idea
yourself. It's not, in high school our labs were just handed to us…
[after viewing a clip where the class collaborates to determine the procedure for
the experiment]
Interviewer: How do you feel about this getting together with everyone and
deciding what steps you're going to follow?
Daniel:
But I think if we come together as a class, it's better because
everyone has a better understanding of what to do... it gives us a
deeper understanding if we find out how to do it ourselves, instead
of just having someone say go do this, go do that.
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Nearly all of the SWH students expressed the significance of improving their critical
thinking. Very few of the TRAD students did, and none of the TRAD students discussed
it as being essential to the experiment.
Students in the SWH group (50%, n=3) described wanting to improve their
abilities to communicate their results and ideas, while none of the TRAD students
identified this as a goal. Andrea (SWH) expressed her surprise at finding that her
laboratory coursework could help improve her communication skills.
Andrea:

You know, it's, I don't know, it's a place you wouldn't think you'd
be learning that skill. In a chemistry lab. But it helps with being
personable and being able to communicate with people.

The goal to improve communication skills often was paired with another goal prevalent
in the SWH group, which was to avoid feeling embarrassed. After Martin (SWH)
described his conflicting goals of learning how to vocalize his ideas and remaining quiet
to avoid feeling embarrassed by saying the wrong thing, the interviewer asked him which
was more important.
Martin:

It's important to feel comfortable [defending ideas and results]…
feel more comfortable with myself than having to force it.

Kayla (SWH) shared a similar sentiment.
Kayla:

I'm still trying to work on becoming more comfortable and saying
my opinions, which I did during this lab but not as much as I want
to in the future, but I think I'm getting myself up there and working
on it and hopefully at one point, be able to talk in front of lab
without feeling uncomfortable or dumb.

Finally, SWH students mentioned learning concepts as an aim for their laboratory
work more frequently than TRAD students (SWH 83%, n=5; TRAD 42%, n=13).
Interviewer:

Ok. So what do you think you accomplished in this lab overall?
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Andrea, SWH: And it taught us more about the solubility and what is soluble and
what's not soluble in water. That type of thing. Which is good, for
a better understanding of that.
In response to the same question, Kayla had a similar answer.
Kayla, SWH: I think that I got a better understanding of reactions and like how
they like all work and if there's going to be a reaction or why there
isn't going to be a reaction, like we learned that soluble and
insoluble and like all that stuff and figuring out and using that table
to figure out if it is going to be insoluble or soluble, like this lab
helped me understand that a lot more than I did earlier.
Josh was less optimistic about his attainment of conceptual understanding, but he did
acknowledge that it was something he wanted.
Josh, SWH: I wish we could've come away with-- out of this with a better
understanding. Like I thought that I understood some of it but now
I realize there's a lot more that I should probably read up on.
Even though they brought up conceptual understanding far less frequently, the students in
the TRAD group showed a similar range on the topic. Joseph and Melanie both thought
that they had gained some conceptual understanding from working on the lab.
Joseph:

I feel like I got a better understanding of like what's going on with
how the spectrometer works and how concentration and
absorbance relate. And how you can use the wavelength to find the
amounts.

Melanie:

It helped me understand how polarity influences the amino acids.

But Albert offered a critique of the experiment on which he was observed and
interviewed, saying that he did not gain conceptual understanding due to the emphasis of
the laboratory materials.
Albert:

So this lab could've been, you know, more chemistry chemistry if
in each step they asked us to identify the organic reaction that was
occurring, if it's a saponification, if it had us learn organic
chemistry actually rather than just having us: Step A, Step B…
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So while a few TRAD students described conceptual understanding as a goal that they
achieved in a similar way to SWH students, and some students in both groups indicated
that their goal of gaining conceptual understanding went unmet by the lesson, only
students in the TRAD group specifically cited the design of the laboratory experiment as
the reason why. In contrast, SWH students Daniel and Martin specifically pointed to the
format of the lab as helping to develop their understanding.
Daniel:

But I think if we come together as a class, it's better because
everyone has a better understanding of what to do.… instead of just
having someone say go do this, go do that.

Martin:

If [Professor] just gave [the answer] to you then you know it would
be the right answer… After [the small group] figured out the
answer, we discussed it as a class and figured it out, so I guess us
arguing about it was helpful and it got us thinking. Comparing.

Discussion
To summarize the main differences between the two groups of students, the
TRAD students placed more emphasis on following directions, performing calculations,
and learning techniques. The SWH students prioritized critical thinking, communicating
their ideas clearly, avoiding embarrassment, and understanding the content and practices
of the experiment. These differences can be explained by examining the differences
between the TRAD and SWH curricula. The SWH method requires students to work
together to create a question to investigate, they must collaborate to create the procedure
and carry it out, and they construct evidence- and model-based arguments to support
claims in their laboratory reports. According to the TAGS framework, the experiment
observed for the SWH group more closely approximates the work of scientists than the
TRAD experiments (Tekkumru-Kisa, Stein, & Schunn, 2015). Thus, students in the SWH

65
group experienced a classroom that supported a greater degree of legitimate peripheral
participation than the TRAD students who carried out Scripted Integration and Scripted
Practices tasks. Their increased legitimate peripheral participation strengthened their
membership in the CoP, making them more receptive to the goals held by the extant
members. This manifested as greater alignment between student and instructor goals
(Bruck & Towns, 2013; Bruck, Towns, & Bretz, 2010). At least half of the students in the
SWH group identified each of the following goals named by chemistry faculty: learning
concepts, practicing critical thinking skills, integrating laboratory coursework with the
lecture content or other coursework, and being able to clearly explain their results. In
comparison, the goals that TRAD students expressed had much smaller overlap with
faculty goals, with 45% identifying learning instruments and 42% identifying learning
concepts as goals. The TRAD students, who did not devise their own experimental
procedure, negotiate their results with peers, or use evidence to construct claims as part of
their experiment, experienced a diminished degree of legitimate peripheral practice. It
should not be surprising that the TRAD students, who carried out scripted tasks,
emphasized these tasks in their goals, e.g. following directions, performing calculations,
and learning laboratory techniques. Thus, the level of legitimate peripheral participation
influenced the students’ goals for their laboratory coursework.
Furthermore, the interviews provided evidence that the shift in SWH students’
goals led to an even greater degree of legitimate peripheral participation. In contrast to
the TRAD students, who described their strategy as dividing the laboratory tasks
according so that the activity could be completed in the shortest amount of time, the
SWH students emphasized turn-taking and gaining experience with novel tasks. These
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strategies, which were adopted to accomplish their learning goals, simultaneously had the
effect of increasing the legitimate peripheral participation (Figure 11). SWH participants,
like the TRAD students did still hold goals that were not identified by instructors or even
in conflict with instructors’ goals, such as getting the correct answer, earning a good
grade, and getting out early. This indicates that the SWH students had an incomplete
initiation into the CoP, which can be expected as the students were in an introductory
level course. Yet the amount of time and exposure a student has to the CoP cannot alone
influence the student’s goals. Without laboratory activities that support scientific
practices and allow legitimate peripheral participation, even upper-level undergraduate
students remain at odds with their instructors for the intended learning outcomes of
chemistry laboratory coursework.

Figure 11. Model of change for students’ laboratory goals
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CHAPTER 6 – CONCLUSIONS AND IMPLICATIONS

Although learning seems like the inevitable outcome for laboratory experiments,
which offer students an opportunity to pursue learning in the cognitive, affective, and
psychomotor domains (Bretz, 2001), Hofstein and Lunetta (1982, 2004) describe
numerous examples of studies that found that this was not true; students were able to
complete laboratory coursework without gaining the desired knowledge. This study
sought to explore the underlying causes of this problem by characterizing undergraduate
students’ goals for their chemistry laboratory coursework with respect to instructors’
goals. The first group of students who participated in this study were enrolled in a general
chemistry course taught in the traditional (TRAD) method. They held goals that were
primarily affective in nature; they wanted to maximize their positive feelings and
minimize negative feelings. They accomplished this by trying to complete the assignment
as quickly as possible while still earning the desired grade. This created conflict with
other goals that the students may have held. Cognitive goals, such as learning concepts or
understanding the experiment, or psychomotor goals, such as learning how to manipulate
instruments, were not prioritized. The conclusion that the greatest aim of non-chemistry
major students in general chemistry laboratory courses is to complete the work as quickly
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as possible may not be a deep revelation to anyone who has participated in one of these
courses. Because the introductory-level students were in their first semester of college,
they may have not had the experience necessary to engage in reflection and notice the
conflicts among their learning goals. Moreover, the knowledge and technical skills
offered by a chemistry laboratory course might not have been valued by this particular
population of students, who were not intending to pursue careers in chemistry. These
ideas were refuted when similar prioritization and conflicts of laboratory goals were
observed to be held by students at the junior- and senior-level who were majoring in
chemistry. Examination of these students’ self-regulatory abilities revealed that they did
not engage in reflection about whether they had achieved their goals, they did not identify
when they held conflicting goals, and they had trouble evaluating whether their learning
goals had been met.
Observations and interviews were carried out with a third group of students with
demographics similar to the first group. However, instead of receiving a traditional
laboratory curriculum, their course utilized the Science Writing Heuristic (SWH), which
aligns the students’ coursework activities with authentic scientific practices. This group
of students demonstrated greater overlap with learning goals of chemistry faculty than the
previous two groups. The differences between the goals of the SWH group and the
TRAD group can be attributed to the classroom environment. In a classroom where
students’ activities are scaffolded to model the practices of experts, they become initiated
into a Community of Practice and begin to internalize the goals of their instructors. This
happens via a shift in epistemological framework (Louca, Elby, Hammer, & Kagey,
2004). In the TRAD curriculum, the science content is passed from instructor or lab
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material to the student. In contrast, the SWH curriculum emphasizes the student
construction of knowledge, both procedural and conceptual. As students experience the
latter, they began to utilize a different expectation of learning. Instead of viewing the
laboratory activity as a series of directions to follow, they realized it was something that
they needed not only to understand, but to be able to explain to others.
This shift in epistemological frame prompted a shift in their learning goals, and
their learning goals, in turn, strengthened their membership in the CoP. This was
observed in how the SWH students selected controls to achieve their goals, especially
conflicting goals. Although the SWH students still expressed the desire to finish the lab
quickly and get the correct answer, these goals did not undermine other learning goals,
such as understanding the procedure and learning techniques. Instead, the students were
observed to carry out behaviors in order to achieve the latter, such as turn-taking to
ensure that each individual gained experience during the experiment. This illustrates the
reciprocal relationship between the learner and the learning environment. As the students
became influenced by the learning environment, they began to make choices that changed
the culture of the laboratory classroom.

Recommendations for Chemistry Laboratory Instruction
The comparison between the SWH and TRAD groups suggests that in order to
foster alignment between students’ learning goals and their instructors’ goals, and thus,
improve learning, the laboratory curriculum ought to support students’ legitimate
peripheral participation in scientific practices. Several methods have been developed to
address this need; in addition to the SWH, Argument Driven Inquiry (Sampson, Grooms,
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& Walker, 2010), Problem Based Learning (Ram, 1999), and Course-based
Undergraduate Research Experience (Corwin, Graham, & Dolan, 2015) methods all offer
to provide students with greater opportunities to engage in authentic scientific practices
as compared to traditional curricula. However, this type of reform has been recommended
for several decades (Hofstein & Lunetta, 1982, National Science Education Standards,
1996) and has not yet seen widespread adoption due to the significant barriers to largescale changes in laboratory instruction (Weaver, Russell & Wink, 2008). But even a
partial implementation of a reform method such as SWH can promote positive learning
gains (Omar, 2004). Indeed, the classrooms observed in this study were not a complete
implementation of the original SWH method, e.g. the SWH method recommends that
students submit individual laboratory reports instead of working as a group to do so.
Yet for some educators who wish to maximize the overlap between faculty and
student goals, even modest curricular reform is impractical. The results from the two
TRAD groups provide insights for simpler means for instructors and curriculum
designers who wish to minimize students’ opportunities to pursue goals that conflict with
the course’s intended learning goals. One way to do so is by making achievement of a
high-priority student goal, e.g. getting a good grade, contingent upon achievement of
high-priority faculty goals, e.g. learning laboratory skills. For example, if faculty identify
learning laboratory techniques as an important goal for the course, then students ought to
be assessed on their ability to carry out specific techniques. Such assessments can be
carried out in conjunction with an existing laboratory curriculum (e.g. Towns, Harwood,
Robertshaw, Fish, & O’Shea, 2015). Similarly, assessments that measure ability to
conduct scientific inquiry, critical thinking skills, or ideas about the nature of science can
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lead to achievement of these skills and abilities (Lawrenz, Huffman, & Welch, 2000).
The learning goals for laboratory work should be carefully enumerated by educators
(Bruck & Towns 2013; Bruck, Towns & Bretz, 2010) and parallel measures for
assessment of those learning goals should be incorporated into the course (Duis, Schafer,
Nussbaum, & Stewart, 2013).
However, care should be taken in designing assessments to minimize the
emphasis on a single correct answer. Beyond the concern that this encourages students to
adopt performance-approach, grade-oriented motivations that thwart deeper learning
strategies (Pintrich, 2000), adherence to the idea that the goal of lab is to find one “right”
answer reinforces an overly simplistic epistemology. Students who lack nuanced views
on the nature of scientific knowledge have difficulty incorporating the empirical evidence
generated by carrying out a laboratory experiment with the scientific theories that the
experiment is meant to illustrate (Havdala & Ashkenazi, 2007). Thus, assessments should
emphasize the process by which data was collected. Students should be evaluated based
on the claims that they make and the evidence that they present, rather than rewarding
students who achieve results most similar to some predetermined outcome.
Beyond assessments, relatively minor adaptations of curricular materials may
boost alignment between faculty and student goals. For example, Dechsri, Jones, and
Heikkinen (1997) showed that inclusion of diagrams depicting how to preform laboratory
tasks in the laboratory manual improved students’ ability to carry out those tasks.
Learning tools such as concept maps have also been implemented in laboratory
instruction, with positive effects on students’ knowledge of and attitudes toward science
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(Edmondson & Novak, 1993). Opportunities for students to engage in explicit reflection
on their learning would also promote learning (Paris & Winograd, 2003).
In addition to modifications to existing curricula, organizational changes could
improve alignment between student and faculty goals. Although students’ attendance at
the laboratory sessions is generally a requirement for the course, students are often
permitted to leave once they have carried out the procedure. The conflict observed
between students’ goal to leave early and other learning goals could be reduced if there
was no possibility of leaving lab early. Without the pressure to finish quickly, students
may be more likely to engage in all of the lab tasks, or tasks with which they are
unfamiliar or lack confidence. The incentive to have the fastest and most proficient
student to perform each task would be eliminated, allowing each student to practice the
techniques. Eliminating the incentive to carry out the tasks quickly may also increase
students’ level of cooperation, encouraging them to participate in discussions with their
partners and other students rather than rely on the instructor for a quick answer. Students
who complete the experiment before the class period ends could be provided with an
opportunity to engage in guided reflection on the experiment until the end of the allotted
time. Deliberate reflection may increase students’ meaningful learning (Sandi‐Urena,
Cooper, & Stevens, 2011). Participant interviews supported the idea that additional
reflection on their experiences can encourage students to focus on cognitive goals; the
number of cognitive goals that students listed increased over the course of the interview.
In addition to reallocating the way that time is spent in lab, experiments should be
designed so that each student can participate fully in every part. Lengthy procedures that
require students to divide the lab tasks and assign roles should be avoided. The interview
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data suggests that this division of labor diminishes the students’ awareness of the tasks
their partners perform; students observed carrying out experiments that explicitly
required division of labor were much less likely to have a full understanding of the
experimental procedure, analysis, or results. The lab period must provide enough time
and instructors should facilitate full participation from all students.
In addition to being responsible for being engaged in the entirety of the
experiment, each student should be held individually accountable in the assessment
portion of lab. Although individual lab reports may require a greater effort in grading, lab
reports shared by partners or groups do not adequately assess an individual student’s
learning. This was evidenced by the great number of students in the TRAD general
chemistry group who were unable to answer questions during the interview that were
included on the lab report, which had been completed and submitted the day prior. An
alternative to requiring individual lab reports would be to include questions about
laboratory concepts and techniques learned on homework assignments and exams.
Providing the students with a comprehensive list of learning goals may also help
students to better achieve those goals. Participants in this study were very adept at
reciting the procedural objectives for each lab experiment. If the lab manual had
enumerated conceptual goals or specific technical skills as well, this may have provided
the means for some students to reframe the assignment.

Conclusions
Instructors should not believe that their learning goals will be met without
deliberate attention to students’ goals (Boekaerts & Niemivirta, 2005; Hofstein &
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Lunetta, 2004; Nakhleh, Polles, & Malina, 2004). Instructors of laboratory curricula
should be aware that their students likely do not share their learning goals. The students’
goals of getting the correct answer and earning a good grade should be leveraged in order
to promote achievement of the instructors’ learning goals. Each of the intended learning
goals should be closely aligned with an assessment measure (Towns, 2009). Not only
would this provide incentive to the students to achieve these additional learning goals, but
it would provide a means to evaluate progress toward the goals and perhaps provide
justification for a more extensive curricular reform. Without attending to these points,
even students who profess an intrinsic love of chemistry and laboratory work do not have
sufficient motivation to carry out the experiment in a deliberate and attentive manner.
Nor do they have adequate reflection skills to realize that they are failing to meet their
own learning goals. The assumption that students who display an interest in chemistry
will be motivated to take advantage of the learning opportunities offered by laboratory
coursework is unsupported by the findings of this study. Regardless of the student
population, universities that rely on laboratory coursework for building students’ skills
and knowledge of chemistry ought to do so only with clear evidence that individual
students are meeting those learning objectives.
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Appendix C: List of Laboratory Experiments Observed
General Chemistry I (non-majors’ course)
1. Titrations and Accuracy of Glassware
Students performed titrations using a graduated cylinder or a volumetric pipet
to measure the titrand. They calculated the average percent error for each
measuring device and compared to determine which has higher accuracy.
2. Reenactment of 18th Century Analysis: Amount of Acid in Solution
Students performed a variation of a titration where sodium bicarbonate was
added to the acid of unknown molarity. Cessation of bubbling was observed to
determine the endpoint.
3. Preparing and Standardizing a Solution
Students prepared a NaOH solution and calculated the exact molarity. They
then titrated two weak acids of unknown concentration.
4. Spectrophotometric Analysis
Students first prepared solutions of the Fe(phen)32+ complex ion from known
concentrations of Fe2+ solutions. They then used a spectrometer to measure
the absorbance of the solutions and create a calibration curve. Finally, they
used their calibration curve to determine the concentration of an unknown
Fe2+ solution.
5. Where’s the Iron?
Students ashed a sample of broccoli and mixed the ash in hydrochloric acid to
dissolve the iron. After a gravity filtration, the students reacted the filtrate
with potassium thiocyanate to form the colored Fe(SCN)63- complex ion. The
absorbance was measured and compared to a calibration curve that was
previously prepared by the students while the broccoli was burning.
6. Chemical Synthesis (Alum)
Students used crystallization and vacuum filtration to prepare a sample of
alum. They then calculated their percent yield.
7. Preparation of Luminol
Students again used vacuum filtration while synthesizing luminol. After the
preparation of luminol, they observed and recorded the duration of its
chemiluminescence.
8. Chromatography of Amino Acids
Students prepared a TLC plate with various known amino acids and an
unknown amino acid. They used the Rf values to determine the identity of the
unknown and described the trend in the distance each spot traveled compared
to the polarity of the amino acid’s substituents.
9. Colligative Properties
Students used a temperature probe and computer software to measure the
freezing point of various salt solutions. From their data, they were asked to
draw conclusions about the variables that affect freezing point depression.
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General Chemistry I (majors’ course)
1. Radioactivity of Cesium-137
Students used a radiation monitor to investigate how distance from the source
and various materials situated in front of the source affected the observed
radiation counts from a sample of cesium-137. They also measured the halflife of barium-137.
2. Synthesis of a Calcium Channel Blocker
Students performed an organic synthesis using techniques of refluxing and
vacuum filtration with the aim of using the concepts of stoichiometry and
limiting reagents to calculate a percent yield.
3. Acid Base Titration (part 2)
Using a sodium hydroxide solution that they standardized the prior week,
students performed titrations on an unknown sample of hydrochloric acid.
They used a pH probe to construct a titration curve and determine the
equivalence point of the reaction. They also determined the endpoint of an
assigned indicator and compared results with their classmates to determine
which indicator provided an endpoint nearest to the equivalence point.

Analytical Chemistry
1. Acid/Base Titration
Students prepared and standardized a sodium hydroxide solution using
potassium hydrogen phthalate as a primary standard. They then carried out a
titration of an unknown acid.
2. Direct Photometry and Error Analysis
Students first prepared solutions of the Fe(phen)32+ complex ion from known
concentrations of Fe2+ solutions. They then used a spectrometer to measure
the absorbance of the solutions and create a calibration curve which they used
to determine the concentration of an unknown Fe2+ solution. Finally, the
students conducted additional absorbance measurements with the door of the
spectrophotometer slightly ajar to discern the effect of stray light on their
measurements.
3. Enzymatic Glucose
Students used spectrophotometers to monitor the progress of the enzymatic
oxidation of glucose. Using a calibration curve, they calculated the
concentration of an unknown glucose solution. They also investigated the
selectivity of the enzyme by comparing the response to galactose.
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Instrumental Analysis
1. Basic Electronics
Students used a breadboard to construct circuits and investigate the effects of
resistors in series and in parallel on voltage and current.
2. Atomic Absorption
Students investigated the sensitivity of the atomic absorption apparatus and
potential interferences due to matrix effects. They constructed a calibration
curve and used it to determine the copper composition of two pennies, as well
as to calculate the solubility products of some sparingly soluble copper salts.

To achieve the purpose of the laboratory

To use instruments

PURPOSE

INSTRUMENT

To be able to talk about your results in a
clear and concise manner

CLARITY

To relate lab work to the bigger picture
To understand your data and to report
data effectively

CONCEPTS

DATA

Context

To develop a relationship with lab
partner

PARTNER

Communication and record keeping
NOTEBOOK
To maintain an up to date lab notebook

To follow directions

DIRECTION

Code
Definition
Basic laboratory skills
To convert raw data to physically
CALC
meaningful form

Interpretation of results

A desire to know when data is reliable or when to discard as outliers

Want to use data to draw conclusions

Want to understand lab (general)

Want to use data/results from lab to apply to conceptual knowledge
Want to use data/results from lab to make decisions about real-life or
contextualized scenarios

Making choices in order to foster good feelings between partners

Describing the learning benefits of working with a lab partner/in groups

Recognition of the necessity of keeping good records

Use of instruments to carry out basic lab tasks, e.g. soln prep

Assigning physical meaning to measurements taken with instruments/glassware

How to use instruments/glassware

When to use instruments/glassware

Restating/paraphrasing the purpose of the lab as described by the lab manual

Summarizing the procedure or activities carried out during the experiment

Rationalizing steps performed because the lab manual specified to do it

Use measurements to calculate other properties, e.g. absorbance measurements
to concentration (see 4b for clarification)
Wanting to know what to do in the lab, wanting to be able to follow directions

Descriptors

Appendix D: List of Laboratory Goal Codes
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Definition

REFLECTION

RESULTS

INTEGRATE

CRIT THINK

To evaluate one’s own understanding

To integrate and apply information and
experience from math and science
courses to current and future work
To recognize whether results and
conclusions make sense

To apply critical thinking in the
laboratory

Integration and application of knowledge and experience

Code

List of Laboratory Goal Codes, continued.

Explicit comments about whether the student understands, and whether
understanding is important/valued
Explicit comments overestimating own knowledge, e.g. confidence in correctness
of incorrect reasoning

Wanting to evaluate whether the results fit with prior knowledge

Other comments about critical thinking
Applying lecture information, or comparison of carrying out calculations
specifically in a lab context vs paper context
Desire to connect/apply knowledge to other coursework and/or career path

Argue for or defend an answer

Indicates the importance of knowing why steps in the procedure are followed

Descriptors
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Definition

To earn a grade or fulfill course
requirements
To have fun
To feel a sense of pride or ownership for
work

To minimize the time spent in lab
To avoid embarrassment

FUN

OWN

TIME

EMBARRASS

To get the right results

To learn from mistakes

GRADE

RIGHT

MISTAKES

Maturity and responsibility

Code

List of Laboratory Goal Codes, continued.

Statements such as wanting “to be done”
Other descriptions about the use of time, e.g. division of tasks to be efficient or
minimize work
Feeling embarrassed or ashamed about skills, knowledge, or performance.

Statements of desire to leave lab or finish early

Wanting to do one’s “fair share” of the work or a “good job”

Feeling responsible for results, pride in accomplishment

Want to avoid boredom

Want to have fun, enjoy task

Want to get a good grade (competitive/pleasure)

Need a good grade to progress

Need to take/pass the course for degree program

Do it “correctly”

Obtaining the intended result

Being accurate/precise with measurements

Mistakes are ways to find out what you don’t know, or how to improve
knowledge
Mistakes offer an opportunity to try again

Descriptors
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ABSTRACT: Little research exists on college students’
learning goals in chemistry, let alone speciﬁcally pertaining
to laboratory coursework. Because students’ learning goals are
linked to achievement and dependent on context, research on
students’ goals in the laboratory context may lead to better
understanding about the eﬃcacy of lab curricula. This study
characterized undergraduate students’ learning goals for
general chemistry laboratory coursework by recording video
of students completing laboratory experiments and interviewing the students about their experiences. The data was
analyzed utilizing the framework of learning domains as
described by Human Constructivism. Students were found to
be primarily guided by aﬀective goals, such as the desire to feel
good by completing the requirements and getting done early. This stood in conﬂict with any psychomotor or cognitive goals they
held concurrently. The data provide suggestions for reform of the general chemistry laboratory curriculum.
KEYWORDS: First-Year Undergraduate/General, Chemical Education Research, Laboratory Instruction, Testing/Assessment,
Student-Centered Learning
FEATURE: Chemical Education Research
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aboratory experiments, which have been described as a
“necessary and important” part of science coursework,1 are
purported to support many aspects of learning chemistry. In
describing these educational outcomes, researchers include
learning social and technical skills, concepts and facts about
science, scientiﬁc process skills, and deepening students’
understanding about the nature of science.2,3 In the past few
decades, much research has been devoted to improving the
eﬃcacy of laboratory courses to achieve these outcomes;
unfortunately, far too few of the results and recommendations
have been realized in practice.2,4
One avenue to investigate the source of the discrepancy
between the intended learning objectives and actual outcomes
in laboratory experiences lies within constructivist theories of
learning, which emphasize the role students play in their own
learning. If students are responsible for constructing their
knowledge, their goals for learning must be considered. Thus,
investigations on student perspectives of laboratory coursework
may provide valuable insights into improving the laboratory
curriculum.5

hold conﬂicting goals, and their goals may change depending
on the classroom context.9
Although work has been done to characterize the goals of
chemistry faculty for laboratory coursework,10−13 students’
goals may vary greatly from their instructors’ goals.9 In fact,
Hofstein and Lunetta2 posited that a mismatch between
student and instructor goals thwarts learning in laboratory
coursework.
Human Constructivism14 emphasizes a joint role between
student and instructor in construction of new knowledge. The
instructor may select appropriate material for the learner, but
the learner must choose to commit herself to meaningful
learning instead of relying on rote memorization. Meaningful
learning, or the purposeful integration of new knowledge within
a student’s existing framework of knowledge, occurs at the
conﬂuence of the cognitive, psychomotor, and aﬀective
domains of learning.15 These three domains have been used
to analyze the goals of chemistry faculty,10 but without
understanding the students’ perspectives, little can be done to
examine the alignment between student and faculty goals.

BACKGROUND
There is a great deal of evidence that indicates the importance
of students’ goals and goal-setting behaviors for their academic
performance.6−8 However, goal setting is a complex process:
students may pursue multiple goals simultaneously, they may

Understanding students’ goals both in the context of the
laboratory and in light of the faculty members’ goals is
necessary in order to better understand “the appalling lack of
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eﬀectiveness of laboratory instruction”. Thus, this study
sought to answer the following questions:
• What do students enrolled in a general chemistry course
hope to accomplish in the laboratory across the
cognitive, aﬀective, and psychomotor domains of
learning?
• How do the goals of general chemistry students majoring
in nonchemistry STEM ﬁelds compare to the goals of
faculty members?

■

engineering. This is reﬂective of the makeup of the course,
which is taken primarily by freshman engineering students.
Students declaring their major as chemistry were enrolled in a
separate course and are not described in this study. The
students were concurrently enrolled in a general chemistry
lecture course, with graduate teaching assistants teaching the
laboratory portion of the course. For all but one of the lab
experiments, students were provided a procedure to follow.
(See Supporting Information for description of experiments,
including the purpose or goal of the lab as stated in the
laboratory manual.) Students worked in pairs or in groups of
four during the lab period, completing a joint lab report that
was submitted prior to leaving the class.
To evaluate the degree of correspondence between student
and faculty goals, student goals were coded using a list of a
priori codes was generated using a comprehensive list of
laboratory goals.13 Additional codes were created when
students expressed additional goals that were not included in
the original list. Three transcripts were coded by two additional
researchers. Fleiss’s kappa was used to calculate inter-rater
reliability.17 Moderate agreement18 was achieved when coded
independently (k = 0.527), and after discussion among the
three coders, near perfect agreement18 was achieved (k =
0.905).
The coded goal statements were analyzed using a variableoriented approach19 via the lens of Human Constructivism,14
which describes meaningful learning as the conﬂuence of three
learning domains: cognitive (thinking), psychomotor (doing),
and aﬀective (feeling). Many of the participants’ statements
reﬂected areas of overlap between or among the domains. For
example, a statement such as “I want to do the lab quickly
because it’s boring and I want to get out sooner” reﬂects goals
in the psychomotor and aﬀective domains, i.e., do the lab
quickly and avoid the negative feeling of boredom. The context
of the participants’ statements within the interview and the
observations of the participants in lab were used to triangulate
the categorization of their statements into the various learning
domains.
Limitations

METHODS

To more accurately understand the complex and contextdependent nature of students’ goals, a rich, descriptive data set
was necessary. Video and interview data was collected using the
video stimulated recall (VSR) technique.16 VSR is an especially
appropriate method for this investigation because it allows the
participants to view and comment on what they are doing
(psychomotor) as the interviewer inquires about how they were
feeling (aﬀective) and what they were thinking (cognitive). As
its name indicates, VSR oﬀers the additional beneﬁt of
improving participants’ recollections of the prior day’s activities.
After obtaining consent according to IRB-approved protocol, a
pair or group of four students was video recorded over the
course of one lab period. The video was immediately reviewed
by the researcher. Passages were selected to serve as interview
prompts, with the interviewer showing the clips to each
participant within 24 h of the laboratory period.
At the beginning and end of each interview, the participants
were asked what they had hoped to accomplish during the lab.
This, along with questions about each student’s class standing
and major (summarized in Table 1), was the only part of the
Table 1. Participant Demographics
Year
Freshman

Sophomore

Major

Participants

Animal science/preveterinary
Engineering
Food science
Geology
Premed
Computer science
Math/physics

3
19
1
1
3
1
1

Because the number of participants (n = 31) was relatively
small to the population of the course (N = 2173), this should
not be interpreted as a representative sample. No data on
students’ performance in the course were collected, so it cannot
be determined whether the sample was representative
according to academic performance. During the recruitment
phase of this study, many students rejected an invitation to
participate, remarking that they were too self-conscious or too
unsure of their ability to carry out the experiment, which
indicates there may have been a selection bias toward students
who were more conﬁdent in their laboratory abilities or higherachieving students. Also, the distribution of participants
according to academic program was heavily skewed to students
pursuing degrees in the ﬁeld of engineering; students majoring
in chemistry or students in non-STEM disciplines may hold
diﬀerent goals. Finally, the participants at this institution may
not be representative of a national sample. This particular
institution’s engineering program is highly competitive and
ranked in the top 10 nationally, which again may lead to a
selection bias of higher-achieving students.

interview that was scripted. The remainder of the participants’
responses during the 40−60 min interviews were generated by
showing the participant a video clip, followed by prompts such
as “Tell me about this clip.” or “What were you doing?”, “What
were you thinking?”, and “How did you feel about that?”.
Approximately 10 clips, or about 7 min of video, were shown to
each participant. Selected clips focused on events where the
student was required to make decisions, such as uncertainty
over the procedure, discussions with partners, questions asked
to the teaching assistant, or mistakes made in carrying out the
experiment.
In this manner, 31 students were ﬁlmed and interviewed,
representing 9 diﬀerent experiments and 13 diﬀerent lab
sections. Each participant was ﬁlmed and interviewed regarding
a particular experiment. The students were enrolled in a ﬁrst
semester general chemistry course intended for students
pursuing a degree in a science, technology, engineering, or
math (STEM) ﬁeld at a Midwestern research university. Most
participants were ﬁrst year students intending to major in
2032
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FINDINGS

When faculty are interviewed about their goals for general
chemistry laboratory work, they cite fostering teamwork skills,
teaching laboratory techniques and skills, and connecting
laboratory with concepts and content learned in lecture.10,12
In addition to these speciﬁc skills, it has been found that faculty
focus primarily on cognitive and psychomotor learning, with
few goals for the aﬀective domain.10 At the beginning and end
of each interview, the student participant was asked an openended question about his or her goals for that laboratory
experiment (Table 2). Many students (77%, n = 24) responded
Table 2. Student Goals for Lab Coursework
Students Who
Described as a Goal
(n = 31)
Goal Statement
Statement of objective
provided by manual
Finish experiment (early)
Avoid mistakes/get the right
answer
Grade objective and course
requirement
Techniques and skills
Content/reinforce lecture
Prepare for future
Group work/collaboration
Data manipulation
Nonchemistry speciﬁc
aﬀective goals
Active participation
Problem solving
Know why we are doing this
a

Number Percentage

Figure 1. Prevalence of students’ goal statements according to learning
domains, when asked directly about their goals for the laboratory
session.

Applicable Learning
Domain(s)a

24

77

C, P

24
17

77
55

A, P
C, A, P

16

52

C, A, P

12
8
6
5
5
5

39
26
19
16
16
16

C, P
C
C, P
C, A, P
C
A

5
2
1

16
6
3

P
C
C

the three learning domains. However, the interviews revealed
further information about their motivation for the goal that
indicated that it is primarily driven by related aﬀective goals.
Students frequently described feelings of enjoyment due to
ﬁnishing early and feeling bad about being the last to complete
the experiment.
Tasha: ...We learned something that we normally
wouldn’t have learned if we hadn’t screwed up.
Interviewer: Ok. That’s interesting. So screwing up is an
opportunity to learn something new.
Tasha: Yeah. Still makes me angry, though.
Interviewer: Why, can you just say, for my beneﬁt, why it
makes you angry?
Tasha: Because it puts us back a little bit, if we have to
like put in an extra calculation or ask the TA. Because it’s
a three hour lab. Nobody wants to be there the whole
three hours. I don’t have anything better to do, I just
don’t want to be there. (laughs)
In addition to the positive feelings associated with
completing the assignment early, students also described
feeling good when they earn good grades. David explained,
“...the second lab before this was the ﬁrst time that we didn’t
ﬁnish last. So that was kind of fun. We’re always last, but we get
like, high grades, so it doesn’t matter.” Another student, Albert,
remarked how he was pleased to have earned an A after viewing
a video clip where he received his graded work from the
previous week. Together, this desire to earn a good grade and
ﬁnish the work in as little time as possible led students to
identify the avoidance of mistakes as an important goal in their
lab work. Many students associated making mistakes with
negative emotions.
Dustin: I don’t know, I just have bad feelings about
chemistry because back in high school, chemistry was
super hard.
Interviewer: What kind of bad feelings do you have?
Dustin: I don’t know, I just have bad feelings about it.
Uh, back in high school I always made stupid mistakes
and that always, one mistake leads into more mistakes
and they’re giant, so my answers in the end would always
be vastly diﬀerent from other people’s answers.
Beyond making students feel bad, mistakes aﬀected the
students’ self-images. They described themselves as doing
things correctly and not making mistakes. Elliot said, “I’m the

Indicates cognitive (C), aﬀective (A), and psychomotor (P).

by quoting or paraphrasing the purpose or goal of the lab that
was written in the lab manual (see Supporting Information).
The same amount said that their goal was to complete the
experiment, with some specifying that they wanted to complete
it ahead of the scheduled time.
Students were more likely to describe psychomotor goals
when asked what they had hoped to accomplish at the
beginning of the interview. Only three students described
cognitive goals at the beginning of the interview when asked
what they had hoped to accomplish. However, over the course
of viewing the clips and discussing their experiences with the
interviewer, an additional seven students described cognitive
goals at the end of the interview when the question was
repeated (Figure 1). Some of the goal statements in Table 2,
such as ﬁnishing the experiment early, cannot readily be
assigned to a cognitive, aﬀective, or psychomotor domain.
However, as the students viewed the clips and described their
experiences, they provided insight into their reasons for
pursuing a particular goal, which allowed further analysis of
the students’ goals within the framework of cognitive, aﬀective,
and psychomotor learning domains.
Aﬀective Goals

The most prevalent goal described by students (n = 24) was to
complete the lab experiment, often with an emphasis of getting
done as soon as possible. This goal might at ﬁrst seem diﬃcult
to categorize, with potential arguments for assigning it to any of
2033
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type of person that I want everything to go right and if it wasn’t
working I would’ve been upset.” Eric ascribed his desire to do
things correctly to his being a “perfectionist”. Bethany agreed.
Bethany: Yeah. I don’t know. I’m one of those people
who like to do everything to my best. ... I’m constantly
trying to be the best and do the best and if it’s not the
best then it’s not good enough. I just like to do things
well.
Despite these attestations that they wanted to “do things
well”, a closer examination of the participants’ goals in the
psychomotor domain, and their actions in relation to their
goals, revealed that this was not accomplished by most
students.

the steps provided in the procedure without understanding
their purpose.
Interviewer: Ok. Why did you make a graph of that?
Fred: The procedure told us to.
Interviewer: Do you know why you were trying to get
those speciﬁc amounts?
Bree: Because it said to.
Samantha: So I always double-check my procedure. Like
my procedure is my life in lab.
Interviewer: Why do you do that?
Samantha: Because I just want to make sure I know what
I’m doing, I don’t want to have to remember everything
that I’m doing. There’s no way I can remember all of
that. I feel like my brain is so overloaded.
Not only did Samantha emphasize following the instructions,
she did not realize that understanding the procedure she was
carrying out would alleviate the cognitive burden of
memorizing all of the steps.
This following the procedure without thought led to the
phenomenon of students who were able to recite the steps that
they followed, but unable to describe the conclusions they had
reached in the corresponding laboratory reports that had been
submitted by the end of the class period. In one experiment, the
groups were tasked with determining whether broccoli stems or
ﬂorets oﬀered a greater amount of dietary iron. This was
accomplished by ashing the vegetable, dissolving the iron,
forming the colored ferroin, and using a spectrophotometer to
construct a calibration curve and calculate the unknown
concentration of iron in the vegetable samples. Despite
students’ abilities to describe these steps to me in detail, they
could not discuss the results of the experiment. Kacie
commented that she was “Glad that we had ﬁnished, I
guess,” while Spencer, another member of her group, was
unable to describe his results other than they were “consistent
with the rest of the class.” Bree, who performed the same
experiment in a diﬀerent group of students, also could not recall
which part of the broccoli contained more iron.
Interviewer: Did you compare your ﬂoret sample to the
stem samples?
Bree: Yes, I think. (pause) Yeah. Yeah.
Interviewer: How did it come out?
Bree: Honestly, I’m not sure.
Interviewer: Like if I’m anemic, what am I supposed to
eat, which part of the broccoli?
Bree: I’m honestly not sure. That was a main part of the
lab. But I forget. It was the end of lab and I was...
Thus, to many of the students, the act of carrying out the
directions was purely a psychomotor task, and was separated
from the cognitive domain.

Psychomotor Goals

Students described learning techniques and skills as a goal for
their laboratory course (n = 12), but their behaviors as
observed in the video and described in the interview seemed to
contradict that goal statement. Students were observed
eschewing opportunities to try or practice techniques precisely
because they lacked proﬁciency. For example, Sherri declined
an oﬀer from her lab partner to use the buret.
Sherri: About using the buret, I just wasn’t comfortable
doing it, because I didn’t feel like I was good enough
using it to be accurate enough and he had done all the
other [measurements with the buret]. And we felt like he
did a pretty good job, or looked like he knew what he
was doing.
Mason explained why he allowed his lab partner to pipet
throughout the experiment instead of taking a turn.
Mason: I can use a pipet, I just, I‘m not the quickest with
it. Like I bet Darren is quicker than I am at using it, just
because he knows how to manipulate the um, what’s the
thing at the top, like the... actual name of the part...
Interviewer: The bulb?
Mason: The bulb, yeah. He knows how to use that better
than I do.
Unfortunately, Darren was also focused on the length of time
that pipetting required, so he modiﬁed the technique in order
to make it faster.
Darren: For the more impatient one. Instead of waiting
for the [solution] to slowly get out of it, you can just
push it out with the top bulb.
Interviewer: Push it out with the top bulb? So did you
end up pushing the solution out with the bulb?
Darren: Yeah. Eventually, yeah.
Interviewer: Ok. And why was that?
Darren: Because it was like, I noticed that there was
some barely in the very tip of it that gravity wouldn’t
have let down, so I just pushed the rest of it out to make
sure we had it all in the actual beaker itself.
Mason was willing to forgo the opportunity to improve his
ability and conﬁdence at pipetting so that his group would
ﬁnish the experiment faster. And Darren, in his hurry to ﬁnish
the lab, deviated from the provided instructions and introduced
additional error in the measurement.
Despite Darren’s modiﬁcation to the instructions for
pipetting, most students did not have any inclination to modify
the procedure or think critically about the steps they were
carrying out. For example, Bree, Fred, and Samantha followed

Cognitive Goals

It seemed encouraging that most students were able to quote or
rephrase the objective for the experiment that was provided in
the lab manual (n = 24). Yet the ability to recite the objective
did not translate into an ability to identify conceptual goals for
the experiment. Darren summarized the tasks of the experiment, which was to analyze a colored iron phenanthroline
complex via spectroscopy. But he did not seem to consider the
chemical reaction that was occurring as he mixed the two
colorless reagents. Furthermore, throughout the interview, he
confused the identity of phenanthroline with phenolphthalein,
which had been used in a previous experiment.
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leave lab early, or, like Samantha, they might have felt that there
was not enough time provided. Indeed, students seemed to be
more deeply swayed by the exam content than that of the lab
reports. The ﬁrst experiment asked students to perform
titrations, comparing the accuracy of using a pipet or graduated
cylinder to measure the titrand. After the experiment, Bethany
seemed to think that the pieces were equivalent, even though
she acknowledged that her results provided evidence to the
contrary.
Bethany: I don’t think [measuring with the pipet instead
of the graduated cylinder] made that much diﬀerence. In
my opinion. But our results, I think it showed the pipet
was more accurate, I think. I’m trying to remember.
Yeah, I think it did. But just a little bit more. I don’t really
think it makes that much diﬀerence. But I don’t know.
This phenomenon did not seem unique to Bethany. On the
subsequent exam, students in the large lecture course were
asked to identify the piece of glassware with the most accuracy,
and only 46% of students were able to select the correct choice.
However, in interviews that were conducted following that
exam, participants recognized the diﬀerence in accuracy.
Interviewer: Now what were you telling him there?
Nathan: Telling him the pipet is more accurate than the
volumetric-- uh, the graduated cylinder.
Interviewer: Ok. Why do you think that?
Nathan: Because I got that question wrong in the exam.
Interviewer: Can you rank it or compare it to other
glassware? For how accurate it is?
Sherri: Well I know from my test that it’s the most
accurate we’ve used. (laughs)
Even though Nathan and Sherri had both participated in the
same lab that Bethany did requiring students to compare the
relative accuracy of glassware, they cited the exam question as
the source of their knowledge.

This can partially be attributed to lab manual itself, which
described the goals of the experiment as a list of tasks, much as
Darren did, and did not reference the chemical concepts.
Another student who was interviewed after performing the
same experiment referred to spectroscopy as a way to
“determine the concentration without doing a titration”, but
was unable to describe the circumstances in which it would be
appropriate. Nathan was another student who was interviewed
after performing the same experiment.
Nathan: Either the higher concentration the deeper the
color it is, like the red, and then the lower that would be
toward the orange, or the other way.
Interviewer: Ok. And do you know why in lab they gave
you those diﬀerent colors? Did it matter?
Nathan: It’s more bright, so you won’t mix everything up.
He was able to articulate the lab manual’s objective and
describe the relationship between concentration and color, but
did not realize that the color itself was what allowed the
spectrophotometric analysis to be performed.
Earning a grade or credit for the course was frequently
named as a goal by students (n = 16). This may be construed to
mean that the students want to gain a deep understanding of
the course content, especially since eight students listed
learning chemistry concepts or content as a goal. However,
the interviews revealed that this was not the case. For example,
Albert expressed his desire to get a good grade and emphasized
that he wanted to understand the material, but rather than gain
that understanding while working through lab, he said he would
be able to do it later.
Interviewer: Did you think about maybe asking other
students, your TA, the professor?
Albert: I know that a lot of the other students are in the
same boat that I am, they’re ﬁrst year chemistry students.
The TA, I probably could’ve asked her, she was busy, and
you know, at this point, truthfully, I just wanted to get
the experiment done. I can worry about the conceptual
learning later.
Kristin had also decided to learn the material at a later time.
Interviewer: So you’re ok with [not understanding]? It
still works for you?
Kristin: I mean, it works because the exam’s coming up
so I’m going to study, and I’m going to ﬁgure it out today
or tomorrow, so it doesn’t bother me.
Samantha was asked if she had considered the molecular
interactions that were occurring during the titration she
performed.
Samantha: I feel like they must be coming together and
that's why we’re mixing. Maybe the molecules have to be
equal? I don’t know what happens to the molecules when
they become stabilized. I don’t know. But, I’d like to
know.
Interviewer: Ok. So do you ask those questions?
Samantha: Not really. Because there are so many other
questions. Like, questions on homework and questions
on handouts that they give us and I feel like there’s not
enough time to get my questions answered. So I try to
focus on what’s going to be on the exams because
obviously that’s the stuﬀ I’m going to have to know.
Sadly.
Albert’s and Kristin’s decision to delay their pursuit of
conceptual understanding may have been due to a desire to

Discordant Domains

A comparison of the students’ goals with respect to the goals of
faculty members reveals substantial misalignment. When given
an opportunity to describe their goals, students did cite some
goals that have been reported among faculty,2,10−13,21,22 such as
learning techniques and skills, learning content associated with
the lecture, and working collaboratively with classmates, but
none of the students’ top four most frequently described goals
correspond to any previously reported instructors’ goals for
laboratory coursework. Other goals of chemistry faculty, such as
a deeper understanding of the nature of science, learning
experimental design, improvement of writing skills, engaging in
the work of scientists, and the investigation of phenomena,
were not mentioned at all by the students.
In addition to the poor overlap with the goals of chemistry
faculty, student often held multiple goals that were often in
conﬂict with each other, particularly across the learning
domains. Human Constructivism posits that meaningful
learning occurs at the overlap of cognitive, aﬀective, and
psychomotor domains. The goals within the aﬀective domain
(e.g., to feel good by getting done early) were in conﬂict with
psychomotor and cognitive goals (e.g., to spend time practicing
techniques and understanding concepts). To increase their
feelings of enjoyment and conﬁdence in lab, students employed
strategies to complete the lab as quickly as possible. Their
aﬀective goals superseded and required forfeiture of other goals,
leading students to make compromises in their psychomotor
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and cognitive learning. Interestingly, while students prioritized
goals in the aﬀective domain, chemistry faculty more frequently
described goals in the psychomotor and cognitive domains.10
The students also held the respective goals within the
psychomotor and cognitive domains separately. Instead of
seeking to integrate the cognitive and psychomotor domains
and understand why they are carrying out certain steps or
techniques, or to build conceptual understanding based on the
experiments that they perform, the two domains remained
distinct, with students uncritically following directions and
deciding to pursue conceptual understanding outside of the
laboratory context. This separation between the cognitive and
psychomotor domains and their conﬂict with the aﬀective
domain hampered meaningful learning (Figure 2).

analysis, or results. The lab period must provide enough time
and instructors should facilitate full participation from all
students.
By providing enough time for each student to be engaged in
the entirety of the experiment, each student can be held
individually accountable in the assessment portion of lab.
Although individual lab reports may require a greater eﬀort in
grading, lab reports shared by partners or groups do not
adequately assess individual students’ learning. This was
evidenced by the great number of students who were unable
to answer questions during the interview that were included on
the lab report, which had been completed and submitted the
day prior. An alternative to requiring individual lab reports
would be to include assessment of laboratory concepts and
skills on homework assignments and exams. In light of the
participants’ emphasis on ﬁnding the “correct” answer and
avoiding mistakes, assessments should be designed reduce the
emphasis replication of a speciﬁc answer.24 Students should be
encouraged to view mistakes as opportunities to learn new skills
or concepts, as well as explore the possibility of multiple correct
answers.
Providing the students with a comprehensive list of learning
goals may also help bring students’ goals into alignment with
the goals of chemistry faculty.13 Students were very adept at
reciting the procedural objectives that were provided in the
laboratory manual for each lab experiment, emphasizing the
importance of clearly articulated goals.12 If the manual had
enumerated conceptual goals as well, students may have been
able to provide more elaborate descriptions of their learning
goals in the cognitive domain, or might have chosen to pursue
conceptual development during the lab period. Experiments
also must be carefully selected and structured to support
conceptual learning and connect the laboratory experiments to
content that the students are learning in the lecture portion of
the course.

Figure 2. Relationships among students’ primary goals for laboratory
coursework.

■

IMPLICATIONS

One way to help students overcome the conﬂict between their
goals in the aﬀective domain and the goals in the psychomotor
and cognitive domains would be to eliminate the possibility of
leaving lab early. Without the incentive of leaving lab early,
students may be more likely to engage in all of the lab tasks,
including those tasks with which they are unfamiliar or lack
conﬁdence. The incentive to have the fastest and most
proﬁcient student to perform each task, as illustrated by
Mason and Darren, would be eliminated, allowing each student
to practice the techniques. Eliminating the incentive to carry
out the tasks quickly may also increase students’ level of
cooperation, encouraging them to participate in discussions
with their partners and pursue understanding in class as coconstructors of meaning,2,23 rather than deciding to address
their questions at a later time.
Students who complete the experiment before the class
period ends could be provided with an opportunity to engage
in guided reﬂection on the experiment until the end of the
allotted time. Deliberate reﬂection may increase students’
meaningful learning.20 The increase in the number of students
who described goals within the cognitive domain at the end of
the interview conﬁrms that additional reﬂection on their
experiences can encourage students to focus on cognitive goals.
In addition to reallocating the way that time is spent in lab,
experiments should be designed so that each student can
participate fully in every part. Lengthy procedures that require
students to divide the lab tasks and assign roles should be
avoided. The interview data suggests that this division of labor
diminishes the students’ awareness of the tasks their partners
perform; students observed carrying out experiments that
explicitly required division of labor were much less likely to
have a full understanding of the experimental procedure,

■

CONCLUSIONS

■

ASSOCIATED CONTENT

It may not be a deep revelation to anyone who has participated
in a general chemistry laboratory course that many students
(77%) aim to complete the work as quickly as possible, and
many (52%) describe fulﬁlling the necessary requirements to
earn a grade or credit for the course as a goal. However, these
data should call attention to the need and provide motivation
for further reform of general chemistry lab courses,1,2 especially
courses designed for nonchemistry STEM majors, who may be
less likely to have an inherent interest in learning chemistry, or
ﬁrst year students, who may not have suﬃcient maturity or
experience to fully engage in opportunities for learning in a
laboratory course. Until suﬃcient reforms are carried out,
students will continue to prioritize the goals which are required
for them to continue on their desired career paths: completion
of the lab, earning a grade, and passing the course. Lab courses
intended to fulﬁll deeper goals than these must be purposefully
designed to do so.
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